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spa^mma? 'gmmmmm tmm 

fttiummE.'! 'zmumx “A” wjfm^maa? 

^SAA^JLo 

-.ni?'j isittfiir 

i9iS®Wo £i863^Kjt8S.^W-#^W^a 

3&(H.von Helmholtz, 1821—1894 ) djfiST—A^ACtfeefW/l^— lirA 

‘tm^m w> 

* # f A Mi£ t * 

(G.Fechner, 1801-1887 ) f^M^W'll'Il^S^ 111 W3Z~?J ^^5{H 
Z-htft), A( C.Stumpf, 1848—1936 ) ^P JL §t( H.Riemann, 

1849-1919 )^RSi6M^M^P£M#,ffi— 

£JlAWfltlA 

mn^mmmuz .a, mmw^m^ , rmmim^ n 

iifrtm iAM^A^A^AA^nWIi mmM'J> 
p°n. {XistiA—A Ai&, flfc ^ MMWW^SS A 
tRifio ,IE 

Ji:ffeA$ €-i##r# fa (E.M.Hombostel, 1877—1935 ) A AAfASi 

, bmaha akj^ #— tm^ a^ms aa - 0 



awl t^s# 

(H.von Helmholtz, 1821-1894 ) 


[ 1 ] <C» 3 # S # (psychophysics l^'Ci'Ji^W— 
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THtfti A , A AT {i&M 07ft 

#0t;lifti^*0t “ifttPnAM” ,StSASMii;liST#i#fta7ftBScffit IWMA 


L/H? 

±:. ,7 “Mm 


ikmt fifignitfeir^ 

# , i£j3-$ff^USi ftl 4&- 

346 - 




tt*&#8«SM& % P&^PftzM&faPMr , in# A # 
mram^ASn MS^jStJ5CJhl&',£t.»IUlJ(:' 

HAAai6l4A#lT^Mi7ft0taiftiCM o. 

MfE6 MS ASI 

7 3. £iftM, ATWiKM0^«T&Sfi?«A, H ;%#MM«#%NS{lAT«PT 

SI# “f7^H 1 A‘7" (Ethnomusicology) 0tA4flPAAft7ftfft0tA “ A4tu 

MWifc" 7§T0tNS: T.f •V 

,±W7fn^MM®T#^0tM, gjitfcW 
am , inw&fs, wit an if m 
7, MW 7 H & Afi'M, Mis ffl 71 

, wits mwmt, xn a 

imm■. 

JAMA^0tlianm#AfiJSaNS0t#WMmaM^A;AMff«M4l0t 
1U$Mik'& • NS .JtAfr^JIPtTSftATifcM, tfcia lift, 
fiA-nsTMw «i^fi9rii«im,aM ^mm m 

xmmm^nmm &, , aMTa-A. 

S'lfta, a A'fnaaifta.'i wiftsijiftifta .ftps 0404 ^, ■ 


mmmMti an-w& w»? ammssj? m@it, MrasftMzi&MAK 

mmRfm&mikHrMm a a ANaaiMMN : 7 MMattM, m \Ji 
* “m&npim" . “«” ia? Mata a 

maftiMia? 


[1 ] &fc£H-ft ft a f Wj # ,f 5vfti»l-if;.^J7i^ IH*#< 

< is ft £■ 7 a f 14 H .},ftff w 7 ft ft # ft £ 511» ft &■t #, ft fc ft ft lb Klit 2002 ft JK, f 2 I. 
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I ff m I 


rnmum . mmwmmz. t w»ttpiu w “® 

&m 'm^\mm--ikmmmK6\\tim^ “tm#” & “®^” rfnBo mi, 3 .$. 
^mimmMm\*^^mm,m.^mim\mn # «i^" &p^?n 

AiiHft .i-PffiAl^AtTAM,KaSMIii 

spring Be 

JL t #^H'S^WS5111i:6iM 

im & a-amwba : mnim 

A. Mrt # ^ai^®J©r/J'H A# A^mR^- AAA 

AEtw.teWj^#«^aKi5ff^ma ,m%ik% ,a t 

WiStT ,MAW^ 

jfcflsafn&BMB J£ 

M» A-fTOtfA^ ,gil 

4nMlE, fs.A-A^AK^ffA^6ffAiPW#itSttiftif.A 0 MMB M4 A, f 

ft4ni£4'W 111 (Aj.Eiiis, i8i4~i89o )$A£iill& M£&±%} &frP&f&Ao 

Ai£M JL Mrtt^M«-g-A^Affi “3BfiffMH 

A.^^fniiWMiWJiitmw,«)s»ia^fijA#f # 
ffl: 

, itiAWtKit, &M0Tfr#fc#£ fiigsii 

-SitWEB: 

jasiji^awf*^ &mmm , fi 


[1] &fl#r(A.J. Ellis): 
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mrm 

-t& , fflfgMffi, , mmmmimmTWz* mcm-T 

MtMimmmm &-m&a 

JL-g-^M., &/oC*'±-<!l 0 K‘iiZ_-ih ,$rt£.4L#s-t!Lo ^ 

iJ; Ji(,7iif^.'1'o |J ' 

w ,Ei(i?)2 a “«”.Mffi-fe&TO^f-R ‘Wo Ep# V -f i5 

“*” W^Jf4«igWAA,A^“§” St.JgfiHfcfc# 141 ® ^ 

“*” In “W” “W In “Ate" (i§Mg*te£Bafa) B( ^ )2 

iis-e^o 

“R” in "W" Ig^^iH]^ “Sound” In ‘Tone^fWAR#*, 
A AI?SMi?@i£ AM* 'A Affile 

R ,<>l (Thomas D.RossinglltRCRTlrlRj^) ( The Science of Sound)— , IP 

hm$jt-$iam, , & n ah r ar? ” 171 

Pt-mmmm , jz&mrFtimtiffih ,xw. »,g&t&jfcssfcugflti, rrm 


[1] #mt£: im*!*.,# 11 = 

[2] <*«#*#:!>,+#*# 1999 Aft,$ 1039 f„ 

[3] C¥t*A*>,tSll|#^tBft*t 1989 Aft. A 1289 E 0 

[4] Ifc + ff: <,t#A#AAA>>,t(lB±A«9fft>,AMfttfc 1985 Aft, A 215 3f„ 

[5] A A “Sound” fa “Tone” $ # X A # &( 1 )S. Sadie if « ff #• F fa AA 4 A A *» (Afew 
Grove Dictionary of Music and Musicians, ffcl^AAfaAlijfttt, 1980 ) fa fa is! A : Acoustics (Vol.l 
p.43 ), Sound (Vol. 17 p.545 ), Tone (Vol. 19 p.59 ) u ( 2 ) W.Apel ±#<lMIMHjsiJ*}( Harvard 
Dictionary of Music If #ft, Jt 11A #fa # tbft^l ,1979 ) If fait A: Acoustics (p. 8 ), Tone (p.856 ) 

[6] Ffa: 

[7] Thomas D.Rossing. 77ie Science of Sound America. Addision-Wesley, 1982:3. 
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nfrm^mmm%>''m'' (wave), 

f£A®L 

^±nTiiii5&f^, ^mmm^friB , ^ 'pmm 

W+@JA^5A AfflAz^ “^e 1 ” Sf/fft 

A «9rft £ *txj—it # 4 & ffl rt M<Hi & It o 

ffiitA£ A 1 A, AfA, fo&M&fc , —=#£&—t P7 

t£A£ “W, 

it—it^nJfflSK J^ ) 

#-$. 

"B~»J) 

ffl(tf)3 


AA;?-A 


^-f-'fs-f' 



m*t 
Af;##] t 


AfflA AnUffi “ST (SiO» “^” imAAEAI»A^Atg» “^" KM.i 
AMmm&frffim -mrM^p^m m, ms w&tayis *it-iiiif# 

sij^n^iA'Mo 

*4531*1 “S&WrAPA “If” A it A 

AAH*AipmA7-AH*JWfi5iX^^nig? 

1‘A7Lil , inJH A* AAAAJritAH *, “r®ffl#4„ ffit, itSi&&^“#”, 

EaA^AI&#MAESiJ«7,i5^AATfiiA^ra^,HitbMJiHig 
AA^USMAii “ABASIA 

$nm^i«fn/kJSitMAH^AAt;a^fn^a#&t)ftfi^,AmAfei«»]“^” 
«,@ i§?St^KStt( W'/S) M8fc, ntfft i«m “^«$T. 
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r ; ft&ft#«i»i# si, tmu 

iixmraf^Ax. -ikmmmm^mm^m^^mmM7K^,^m-mihi±W:,, 
GmA&wwj&m mmn&^mmmm s b w a % 

, nm a^xwa, u^aim-^im , bp* 
w„ mmmmm&A7mi%,mtim± 

S&M^niRgy, A^AAtX&PAAAXo 
&$2M, 

= .IBHfcfc ; |SKn5r& 

!S5TO®wt5]@; %mzmmAM 

^uusig s b mmm , wj * m * 

,£g®jj§ 

Am , a 

xx^ni+smwjASxw^), , wm&. &im mmmm 

“mv\ mu^^mmp^mm^mm^m 

£EH, AMiRXM, MtBXMAffi^Jt: 

E^MWfeAOTit; “Ji^SI»HMftHRWH, 

ACTI¥±^It^-SE®« 0 #ni?H^Sgi*A®£niR,^fg«X»A 
MttegfllM -JgiWfMA 


[ 1 ] **#:<* + iHI * R ft)), < * * >, 2000 X * 2 $ 0 
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I ft * I 
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3 t 




is 






--A5 

Wito 

tAtJ24*A 0 Al/3^$^#S|3,A2/3 
ATOo AMSlMK.AMiPn 44js 
ITfrit 

ffl: 


SP_h 


't4i 1*14 

1 i 



ft 


MT&fa’xLiiLo 


kfOT^ilRf^jlfefs ■ 


”0 Jlt'jf 

IS 1-1 E 


afr^gtAo 

, r&'ffitSAEM, SftlttSfcg 
f'jTiiin^OT^ffl, Mitt 

f& A±i#, A t^firt -mm ,Wf, 5fij ,9 s Mil At 

RfnW#f*Afflfcbgi A, TO'gmWMtkA^MSi:. 

Afxt^ja^&ffsgfto mmwiztmmm, m-rm, a^rpa 

flits AW 


BJf/J 


£fl 

Af 




8 



-> ffi 


I %-n | 


g , H]itSi£±i#, ^A3^&®§2iW£ffl 

-.+5 

>SS^^/f/J'# ,nS&^Fo «TW», M£l«, , P fi 

fe,W3fc&,S&gl&9«*. ^HJg: *KM^MJgmK±J£,-^W 

4 j g^TO^n 5 r^mMitRo , mm& a 

9f/J'#^e«#,fi!i#M#( #m® i-2a),H#^ii^n/f#iio fi#««§i!£& 

§P±^, Mg*, 

nHKWMK^frMil.rt 
n □ mit, i&PH&AtwmmmfaPpmw-mo 



IS 1-2 °)f 'b‘f' J &P ; jfrjfc±7fM\£ 
tt Bfl: (a) P jfe it i± 3f & g 9r 4' f # 315]»II t 
(b) 9 f/MNa:frX#« 3 S^*B 0 


Sft^ainISi-2^: Efei ; fnFf/jN#^fS#^^^^#,^S#SfiJ 

mmmtM , «ff mucs, miss 

WcXo 

w 
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# IS] if 





® 1-3 JMH**!!®**® 


nisi 

^.WIPH]fiS.ISI®o 

mmtmM, t^i*^ 

*iS$ftf‘MJiSmrtl&. aSJSJ&SK&MLhfl-.S 

«„ hK^mmm^mm^m 

, T$III±MiIfM X£4 W 

tti—^i.^iuisSio 

m 5 >PisM» ms\mm(^w 1 -3 x 

WW®. #ffi4SIS5#«7L 

fflilo 

#li®ra« e (Corn's 

organ ),feflfit : S/&ES ± 0 

“ft■%ttg-*# 
^ “ft tti^gHT. A#^^^BS^Iteii.a— 

(Rasmussen) F^tW^^c, 

®ft-, ft«A® » 

mtfm$xv?Mm 19 max?mm?f« , ^.mmm 

MS!lliiaf»lfl«|t .iAMS^ 

, aa$jesi± xs&Mfa- 

JSA«tf&“£¥i&" (The Harp Theory)■«„ /§ Aili® .MAMfirt Wtf€ 


[1] H.von Helmholtz. On the Sensation of tone, As a Physiological Basis for the Theory of Music, 4 lh ed. 
Edited by A. J, Ellis. New York: Dover, 1954. 
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Jil 

mwmmtY , r^ : 

mw ,®4t&M 0 * 
P 77 IS] AAA IW ft %feM, S#A&MAA ftA^AMM#^Aft#MAte, AATTn 
iRlAte “iitB" A&ftitllA 


0.1»Jff#gP, 


mx. t&sgfrA 

mR,±m^m{mmmmtxmx!fr%j-. tm,w± 

»w.it® 

Mpf. BP*8&¥3*faj§TO. . 

I^i^i iSPf,SPA®^WWJ.M*^M^PA 
ft&m fe*^; tttA JPAK^SfcftJSBB,±S«M 
tgA w #m® 1-4 ) 0 



ffl 1-4 A®A Jlii/f^E IS 


EliSc^JLfAst^LljillSiSWS.JS; AiJ^Ate 
n AE, isAgt# B AfllePiteAtMl! SR; teRSft?ftlsA, iw^Y^i^M ^, #nyi:IPR'§:tM, Js AWt^ 

a®, m a«sua ft i#®* * mm , 

m± Kmjmmtit, , a-«-w 


mzis, m&mm^mmmMm. „ 

±W#;g A Ate A.te AteSMraii^flAWK^, UA&AAte&^AA* 


&g 1,1 spa® 

iA.WiSiSAAAiAAfiSc, gMAAS^A^-gtft^&Ji: 

as ft#S*£AAteAffi®^• iWf-tWi, IIISWI-AS/J^teTiOltl 

ttP:iaAlu^^,S-^'S^M)liJiaAAteT^Wi5«is^^o laEM.ASAR^SJfe 
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mr Ait^f&aOT a # 


m~v 

RAR#ff 

n , mimn^mm mmi±atn?mm & pMI » 

ffiJiMIiltbSe-TW#ff 

sScMfSlT*,^BIPJ t,B 

W-& 

s ^, {RBJArrflJfSiJift a B«J Wiyipft-^, lfeSI-tA^Mffi»t«S 

a b w ptEW/f, A^^iAa - , mm a b 

£'im in£1*#7#ff 

tttb&, mHmmm , as» miae-##&#i$i], *w 

ifeJSSSEftWT., 

fgaTOo 

WWff MMgc a B , 

m%*mm*®mE8rGfc%± aa 

i&m 2 ‘WS"o 


[1] HS: <tf*tfcft4*#>. + Sft¥#**¥#;fiitt 1994 #•&.& 133 Pu 
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MAIAfa,£'AifrW# AA4W0 0 sfcrn*,A 

ffi&.m^^foMffi$%mMi&,mmj&T-ft “#fWo mm ‘ i mm\hkp^ 

iij w, , mm& , 

“#ft^ n mmmmm , sjtgpw um^m , , 

mr. 

w aa;, mm'Mmmi^'jmmm, 

a»ak-*w«a, wm w#ft #§ x^mm , - 

mm ?, iimiia , , a^amia^ a^b^iiiabs amt- 

feti Ji#J, ^ EH^Ii AS,± SjA, MiJit^f, 4rS:Ar JSMz, 1J—$xAMSaS; A^3f, 0 AIE 

sit^T, ±mm\% m mmmm ., ^wmgAim&M “Aa a 

«”, mmmn& “^stMA 

mmmRo m a tuM^44£ &tMt#<A,wrasts , a^raift ®aim 
m*§ , msmmffi&mtfygm , f4^raswmai^fi^TiA«o 


*=15- off st a « 

>^AMW*X#KA»,Minra®im^lA, SJSHfglAJMfA 

“lA^MiA” (Hearing lossn 

h < m^mm », m^m % a(D o Ug i as l. Beck) ia a , ^ m«nt 

‘■mfflm" [,i = 


[1] Douglas L.Beck: Hearing, Hearing Loss and Hearing Aids: Issues and zl«-iwera.littp://www. 
healthyhearing.com/healthyhearing ( 2002.07.02 ). 
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2 . SSSRg^gtJASfiflr^MWSo 

3 . “Bff-£” 7 #^# *w mmmm* 

4. ,&MgiJAi&@*7i$£ 0 

5. &|n]glJAlTVf^y(WQS7o 

6. TOSsSi^EfeaW^m^tbSfifeAA—!Sa 

7. B/f^mn^‘tim^ 0 

8. SfUMSUAWi#i£PMAtiMMMMA 

i&kj+TO; s-f* 

s^ji/aa , , ® b c 

)±i^o ii#1fffiT.ITfr^Pjfi^A^mni^T^is^rfn 

, wim-m&#&w£&vm±) . fuse&ftjiwttf aA!ii?mt^ 
ififMcJnSiifa1477K,USftiff, fW,SfcRlt£M3if .Mrfn^lfen/fA^ii, tilWfa 
Amrfrim^. in±^wiij^K^^igfn^#?iAw^^. m^rmmmm . 9mm 
mrn,m.¥±fb ‘WI"o 

j^h, , § i®9f& 

UWI, Wj0E^rHI^W^S 8 

77^A7TAm7cAABI, E7±npfF “AAt4^h5iiffl!M” ,SWpiAfaM?n 

^wsies , pmimm&bkmmmm , w "mmmr , &#it set 
wfa^w^wiESfa , mmsRW&fflmfflh-mmiifflfa, 9mmwmm, bjtA7 
mimm^im-o 


[i] tt# : (%m%®&®m,.tm&&*xm}Siffc# ms zml* 


14 



I n-m l 


si mrs t ^n^mm\>x^m 

>\ SE#«$tt>wi«sSo 

,i&mm%m, ^«sirfn^ 6 ftii*aA«f ®-tn 

nHo m a sw '^mmmm^k , 'im^mmmm^mmmm, f&vmttm 

mmmm ., r , 

, wetta® .aaa ^, mmwt^mm^m * ^aa.® , *&wn$# 

fiSIftt+Mo 

(R'JAAfe-^AJHbc gPf£-^&» 

#tt8SHo& “*&&&+wo mim^mmmR^mmmi ,#®ii£. ir»a# , 

a* m^±m&miKwmm't u ^mmmm\ 


[1] £*£: «4£^«»,f4^t&ibJifc£l986^Jl£ t 
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AePM#tt&J^Al4.9%J±t^lJl6~20ABA4 ] #SJS^fa&?lj35.7%; ?±fAo() 
59.7% 0 

&&=F£)&fm*%w&o , M\.^u^umm-f-mrxti\mm , 

^AX'R 0 

mmn&ffik , m#*nstate u p,im^, m%mm:’ <, a&^smg;, ^* 

‘vjN^njf^ a, a^s at”, mu±^mm . ss 0 si wife w, iff 


jjtiGmmvmt 

mrn.mx.im a,atp$o ®s, 

^M^mAAaM*gc $n JH-K# I J3 }£« i§«, mil WJ0beMWi»E5 

»**, ,mm\ mm 

mmm w 

s '"c 

g§S$K«ri. ?S Asfc£«iff *Jte!, fBiWSAtfcM A&Jr. iff 
ffifittSAT. 

Bi#¥i»wii-K. “£¥t£52e”, 

M*£ 0 t&}gm+,Si;LW I 2 ffA^T.'iS]20ooo»^s;w,^AWW±PS^ 16000-18000 
&&, 5o~6o ^ faARffiE&l 10000 &&\>X A SSi^t, SH 60 & nTlSfcl&Ji®## 6000-8000 B 

m>xr a 


[1] M**: 1986 **L 

[2] P]5±[l]o 
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I »-* amM&t | 


Afa&M o TMitt^KnAAMil, ,ft “ra+P9” , “f§A” 

jtk^h. Vr*, ft ft, ail AM 

m#ffiii^o M^APi^&AajfiitOTisi, pi»imtj£,, m 

£#^A&ffi/TW:*lfcTArfe5 ®I±, Mvjrjjim 
iPTinziLif., AiniS^il <> 


mvsv o/t * «ii 

Miff A ft TiA AStT# A T*i®M?£ WA^ „ 

,JMfcM-Ji: 6Aft.fflMtSfiS 

Hsiij n&, , 

SPACES; MTO76)MAWAiM^Ji]DAA®AS30^1I!PlT; Sitt:E§^« 

, da ijm 45 # m pit ; mtmmmmimmmp, mmim a« 75 ^ 

pipit; 

Mt^&ft&&® wtsi, Tfx^TAAf , m 

mm , Hift-^fxfflT^fAiA^Mf^o 

mmmmmmitmm wittwti, ,^®tt^a# 

a, 1 Aftft 

, iefrfS^^o fSAJE'r^a^ffiA ioo MA,sn MA. MPI 50/100 
4§ 1 A AttiiilSl: o 

n& a±& f&nm ,?l^ masas, 5> 

SiJiJS^nff , tb^MafR] ,T#fo##|'0] ,!EmaMarH]t^A7i^0^ 

fa]. MffifflmfttMis, mHt%mx,nmm^m^\m\mn Mmm i m- 
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^®^Ei25~i()()oo^,M^H^o~iio5>m,^±Mi^TA^iFf'tiiil 

47*WJTAt+W7£.z 
fib, 

m 20 m so mt , , ^Ai£®jT-#M»;TAi£ 

-“Pfl»JfAfe” 0 S#PJ 

H3IM: 43 

, l£J5Mi£®l jpm® Jims? ^ 

'£«j, A ARH Jl«, RlrffBJj ittmA 47I&7 A 0 m 
imwftizmitttm&mm “1384®",^+®®^^^ “KA^sr in “j$ 
JgfeE&"o ffl^#A/iA^»PJCT^AW*AB/f^lnf$7ai^*( M£€« . 
Bff#^lnSiB7^;7tEM X, 


*1-1 IWA#*&IR§ 


JJ/j Nnjn/fl^IfijX ^-]J1 ) 

mjirn 

0-25 

IE# 

26-40 

umm 

41-70 


71-90 

mmm 

3= 91 

w 


hkm 1-1 Hitb^SM 


[1] Douglas L.Beck: Hearing, Hearing Loss and Hearing Aids: Issues and An-swers. http://www. 
hcalthyhcanng.com/healthyhcarmg ( 2002.07.02 ). 
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I %-n qffjasa l 


AXI44A "RCA” £dM 

a , fffiR w ^ 4^, . x a 

tM±3£TOo "mr -t mmm,mriMm 

ax "mm#” -^m, xxR^xxxi'njgs, it® 

WAAlf. XXJSAfWSffl “AC -M 0 

ig£t> m.nmm 


xa “mm” 

^mmux 

^A7K^AR:ii,-S^A,^AtAfflAaAAAmt4tB; MRMX^XIIffft “niP7K” 
, PiWni^W^iSfnaSiSIAteWf GTffi?l ,&#X#E .SKUXMffl 
A# “aXIXMiT, AXiMliit^c 

jJtX,XllX, 
ft .m^tssfe, bjpami'eoaAM s^iA^AMA ,, 

.xxhk Mmmm^m 

mimm 


& *g WmnlSM, imim^B-jJ^ffi o 

P, ®RSfnf|5 R?g»^A: R^±AiiXRAliiA 1 #A, 


mP’j"5K w/^SiiiW ■ 


t±if mm^-. 


AX 


I5-H 1=1 rol H 
H N n 0 7 


Afe4nAR[R^lK, AX-AR 




ITffiW “£A”.HX£AfP 

tastt® , %m ftvmffip&M mfe a Ax o 

wmm^m at» ^ Afn^Mai?, R^txxx , lAf ^ a axrjgAo 
ujmmmmmm&mim, mwxat^jh^aA: 

ii^tiM-T, fe&StS ^ A1t/RX#^ X A A A AX W 
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pmm^± 0 

o -«Ht kt , , 

. ^#!ia!c 

nim&mm s ®%- w , mm±it 

mmm ^s,isuf^^o 
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I n-m qrfjssa i 


2. p 

3. mmm “#tw 

4. 

5. •‘wmmmm" 

6 . asttar , §?j l^ 6 n£\>A±%^A&MmmiPMijJ 5 mm^£±? 

8 . 
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>Vl iY 
E3 foj 



m~v 

“t®” (Pitch 

-WMo ii-tAfSftsi,ma»^iAai*o wwabi®: “a^a 

wAmmmmnmx 

iDf^^f? W&^WaAOTM£A±Wz£WMJr? 

!T5fe3l57#¥-S^T^SiHgimMKiaT&. 

gawt, 

st, \msmm jwimftjajBia= 


-Ifii 

19 MT W, A 

#fS(m® 2 -i x. A5Ii«li±Ai^i^ 

( Harp theory) A WMHifK)?®, A*g£ 

£&,m%M-mMyf^n±im&TAi$m£mmmmm,m<)m)B& 0 m wa 

25000 A, 140 tglf ^ 


4*8-31 



[l] H.von Helmholtz: On the Sensation of tone, As a Physiological Basis for the Theory of Music , 4 lh ed. 
Edited by A. J. Ellis. New York: Dover, 1954. 
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I W-M UrflEiRa^SWiRSd I 


n 35 < x) a, §a±®^w 40 300 jjmi ± 111 , 

am. 

2()Mm,&mlm-^Mi& - “8P&&” (Place theory) 0 

Affija #gft -aimt aajt 

Joj £E ^#'S®^o 

li^«(miS2-2 )„ 

4a 
A 
it 
A 
0L 

0 10 20 30 40 

^^.M( i. A) 

IS 2-2 S 

IJ#^^C ja fiLSf (G.von Bekesy) 

fl “SUM" f&MAJSA&c, i-$fe,'g^MPAMfAiiM^a0DiHSiJ^A o 0 

m%' at 

9\\ “«i&” 

f IJjl a A ASh^I^HAh 1 , ftc “WPfeir ^ft¥#, »ftt, 

SPtti33a-#*^F?SWffi59J.M^±, ^TOMAARAA^AAiiJ'i'igo 

—. JW1 ij£, 

(Periodicity theory’).A3?^t^oS 

[1] Brian Moore. An Introduction to the Psychology of Hearing. BRILL Publisher, 1982. 

[2] G.von Bekesy. Experiments in Hearing, New York McGraw-Hill, I960. 
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, tr 5fe*njf 4 1 &m , ismb 

mm,m\\±mMQ&±m*JT^m^±mm: “ g+S^” (Autocorrelation) tomfrMrM 

:E( ms 2-3 ) 0 ■«§##, wram^i^#iSs»iH. 

afc« 

a i i i 

‘ t, ' <1 — m 

UJUJUJ 

■;2Lt&#tfjsiM jm * 

B 2-3 

sitat#, m 

“mr my&«w D F.s C houte n )*^ 

mjE 'y 

gfij.-fe^^Miyy^ “suflar g “Jim” 
itr#fflyMAM^^K^ wwstRSij, ia#ffly»AW«ix im^mrn „ 

ffi#HSiR»iJ (E0S5±, M-yxHKatfctW &AM, BpnA^^iafsi^g^ft^Ma 
KftfijAfc loony, *j-yf&@y 

gPMSteiA#, 

#'J£p, 2000^ws*yi 


[1] J.F.Schouten. The Perception of Pitch. Philips Tech.Rev, 1940, 5. 



mmm ioim 



2 3 4 5 6 7 8 9101112 
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imm&M . ±.^mmrm^ g i«tmi, ®t*rF wwakuEo 



£ 33 AniA& 3 AA,W£tA 5 ARWA 2 o|g^,a#^ 2 oooo^i^MWi#, 
16-20000 BM 121 ,M 8~2oooo && AAA#£j^^A,i&WWAjtf& 

t^/fsij 5 && , ® wapj 30000&& i nm&wm wit&T, 

Aseiamawitsa, ntatm „ 

A3»t£A ,#{*Mm, 

jPsik^s»tP^jis®o ^^a, wmm 
p^tg®xi3odB,-/iP|6i0^rH]-is A^ao.6#, ? aaais# 

#»; iMAA-fSM , WlolM^rM, iho 

-Mi#, 

AAAr^*i®,^fggMAMASiJa «A^f'Jffl “»*^vt^” AMSAfeAtfi^ 

n&mmmft&mssg&o 

AAt£ A A Af£SiA#M±^k¥; A^TtittiA “if? 

@" A'M,Wi!ff §!lf#%&*± “«ASI” 

SfE^RtefeWftDS^W.ail^o 

lit A, gpm:t TAMM. Ac 

EAaASfAS^P^Io mu , I5S#« 

ii-feAmWfcJffiftffiA#MTP£, 60 £PAaTP^M&^MAo ffi- 


[ 1 ] Thomas D.Rossing. The Science of Sound, 3 rd ed. Addison-Welsy, 2001. 

[2] 8rifct£: 1982 A«A¥ 2 I 

[3] trS: <#*«**>, AR**HlJRfc 1986 #JK,# 6 If. 
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I ij| 


, m-s iAtssir a a a 0 m, MAim mm s -, tm¥ a a 

mM0 

£am#iia± ,ma# 

^ft A7Kii%-#BJ!SIK^PS, A WtfSMJmitb, AAAufrA> W*,tSWl^ 
A&5l'5]M±,AAM0^^,ff5llWM, BPf^Aa#M^A^tHT«WSWS,ftfnfej& 
# “W MAA#f# 0 

“KlMt” W«5feJt^-DSJS^?i. PU5RlI.fi»«, 
Sfnst" 5 JAAII®£firfflllWKI'H]MA3ft ; f : fAEA,;Sn ‘‘AaAMsAAAfABAE i6-2oSJi.A 
fil,a#ft 16000 - 20000 stell”o AA^Aail^^AP^M, UMiiASI&T 

A^^ais^ra^w^o itta, 

iAA Ai£ .XA;705si*::3 (iooo?MAA fe. 
AA'[>FM, H A S fu a 1 P|f i ]iS;&, ^@jf | |nJf ; Ell['tii A A 2o~2oooo , 5 

^ooooSggEAAffiiTiAH^IU *tHA 

!. : -:-li Jit Ai-i^MI- 0, A: Abc'.f^^rnj AJ £-: BAWil 20-20000 , A A Arl^AA 

»nA^ftiAJ7£H mm, ^SfMIbJfC H« Ams AAA« 

5tA^^S ) 0 

^iAAAiAAWjSA& b 1 A’ (AA=Afl a) Kfg^lBfejA® 27.5 *£&, 

^, Miff m itirMW dm^k 

fB~ TJ 

i±i^, a w^e, 

^AAJAAaj’AA'AxA: 

^ 440 aiam*, — 
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I n~m I 

splits i ■f-Am mw&mm'f mo'Atmrn^m *u) 

gpt^2 AA^o Efeitt^IMhBrfn^ 
«(MMii) 

±^t^&^^^RJiPRfe«-jeWEfeHF*g, - SMU, «l tfe#££ 

ft, , IWlfist^is- 

'f'db^p’T'^Avfafllxi^i^f^o ffiEbitbA"PPPlfttl ', i t?s: A)5ils 1 t^i-^^-59fi ; H't^]^.|0]4 = f'4PMj iIE 'f :: §64] 

Aili 

1 2 3 4 5 6 7 



^#(Hz) 

IS 2-4 

#* 30 £-* &,*g ^ f-E^il-'-f-f-,, 

'PfcH^34^^^5ji|(,3S^'P^^>55B : r^S(15 ET — ^■^•Iai “Mel” (H), AP?Mm'fK ; H 
^l'0]^^ : fSA24OOMelJPA24OO A±HW 20-20000 gi^( JUIS2—5 ), jib 
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, #£## WB o 
W® M AK gij, 

Wo m-^MaZm® ,77PnAiJaAATMA,# 
iiz&t, iAA^ AMiiJS 

$mz.mm&imm\: m^-w^w &mm 
#it,rfna#wis^^ M-mm* 

, %mn 

±m&umn %m\, A^AAim^M®i%A^ 

^-AAnffPJ 

; Ff?'aSB ; B^/®6^] ; HtSjBAstz^AA“ef'R'fi” ^j,# 

»f - 

m “^Wo 'Ammim&T “«a±” mn$i± 
mm,i>jL%fL*&&&BWtmMWftstmfi,wmm e 0 a 

HEt? 

AM®/jN#®M#^iFsSIJfgA,^^ (Difference limen) sT(® A 

7" IJ? W It)” (just noted difference.) 0 20 tyAS 30 AMA > & A(C.E.Seashore, 

1866-1849 )^Aa»MMiatTT^A?^^^0f^ o # ft: &—fM35|j| 

AfiJAWMf*§iA^W o & » ^A80% SaMHUtB* 
ASA7$?#M, ggM% 3«( ^ 12^5>) "'o 
^Ao.5»(^2^), 



a*: &£#£##***# 


[1] C.E.Seashore. Psychology of Music, Me Graw Hill, 1938. 
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1. 

2 . mm^±; 

3. MiitiJIl^j^Xtlsilliiii ; 

4. A^tilfiWi® 1000 JM (^ggSMA^X*!^ b 2 ) AM 

5. 

6. AftMWHSA 

rnmn^m^JL* (zwicker) 

ffi, Wfi/&50^ m 8 

*: o.5%( am a. wood aiaa; : 

X 500-4000 «( A)«T b’-b^) &jffcffi#l*l, XEMJtTAlM^$lliJft/JM-A¥ 

^ 1 /13 (Al 3 #43"), X 62 IMSI£±M$£iftAM 30 131 a 

m%%l!mW-±Tte$:, 1988*f 145fttlt!^( APA/ftHMM 

^), htMMft M M AMMMSO,2,4,6,8,12,18,24,50 #43 “, 


1. 6^8 A4h 

r43^H 50 ef 53"; 

2. WTtlA.t^fS^ ,»E^#iftS^WSSSW43^tl* [4) „ 




“MW (Sense of intonation) “Ml” &3£Atiato XAXtftXAA: A{|’7 

WMWaAlliSX MI MAfi?AJMW MMMMWS 

ssamsotsiAi a 


[1] Zwicher. Music, Sound and Sensation , Dover Publications, 1967. 

[2] Thomas D.Rossing. 77te Science of Sound. Addision-Welsy, 1982. 

[3] A.Wood. The Physics of Music, Chapman & Hall, 1975. 

[4] #£«: <■#&*(&*•*#—fc+a***#*##. 
it 1992 Af 3 Mo 

[5] “ ft A £ ” A IT M A :t # A \k f A .::'■ A *, S A “AAA 31 ” WAA= 
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M A ® „ 

®, mimmw Mm& , 

MSM^nMA ® 0 SfftcM AftjUFJi!®, mfe^mm AfiMXR! 

SQTMMMMo A'fn^^:’5jlil ; l : Rt@§S6tiH 1 <1i^!®:4'E l Ef$ ; f$ff5 | J, 

MSfcHJH HCffiSi; 

Vm-M ®Mfr, «MS 

XiSJt±&M£ftXJteA "i^ltll" ; 

RJH ) A,: : MiMMAHiiMTo ttffMTO, 

#AAM, Afll^Aftit— 

—isctt, m±iiEn%-m$mmmmm± , , m 

tm 7; MI'SM, 

A+X®i^a!c^$:AA, ISfARfe®, gAMo iiXf- -ARAM 

m i'eo ; . v£T±&mmn , 

,=m. ajia sm ^^ asaai ©*®® aa ^ , Mm^mmmmA 

M:XMXA^XxR’fX®( Aa ! -44o||#;AA'<;#) AM,, 

tHW&il , # WWM IHT 440 438 MM a 1 -8 MM ),IS® 444 

S^CaXieMM)'® 


[ 1 ] Lottermoser & Braunmuehl. BeitragzurStimmtonfrage. Akustisch Beihefte. 1953,5. 
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I H-* AsmStWWit&ARSJ I 


fA 1988 AA 145 1&WAW IA- 


«iftt ± "i c 


-xmmm 




^A&tJAWH “h^SjSW^T, 

© 'M ft II^AAfttiAC WAA:®P|~'4S4 3 /P^Sil ; F4 : ? : gC®il^' / J^#i'S#^/r# : Bft6tl 
ilf <©!§ ftt^iSi, . A A4 'Ah Ail'r A A AAA A $;i*f|i L i A 

20 JIAbA A 

1988 AA 145 : 

i. AWAMfnAttWAi^W -38M +i4^A&tJ5£Wtto Sltftf^f 
AAA, SK 

w&mtm a mr $. 

m±W^«^IOT^, &#«»r± A Mm, # 

w-a^^km .m^aw^pSc 

«n,A$ijii^AfI#Ags(inEfeA^^A^II )for mm,. 
Aits Stm 1 2 tajfsSAfiSAWfSAAA,M/fiiArlAMii - . AAiAA1 • J .stM J = h ; 5fiAtRI§WAiK)A 

A, KAAMAA fi£A, Xf£iiEA#»Ai§CW 

flAAAM “WAA” Wif5A 


IbA"p 8>£«^»SW$S 

««AHABAfAA ■ WA«4§» 
AI?#,AA^ “51T«AJ«AAAKI4A” ‘A AASffWAAii, “^AgiWAAAAAl^ 

MAWAAm,MAWA»^gMAtilA,^ ‘^A’ (Acoustics) 


[1] M :i? ?S: <#£'*# A A4-4 ## A *f ft & «^M t B A A# », + H f * ## & a Jft 

A,1992 Af 3 

[2] C.E.Seashore: Psychology of Music. A l M- ( ## } ( 1983 AifiTM) — 4 4 , Ait, 3 ® $ ■§-!$; 

fr 7#^fflWl#fJ A1A 

[3] • §•*#!§# • 1986 AiUAo 
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I1] * 

"m\ >A^±^Mit^nEMW,frii H m” ^ “ w mm£m^a±mk 
xm&a®w^ii5w*™, 

tlteiAH, HiT##5JF^S. £M*±.&mAL& 

*o ^mmxm^m^&mmimmuim&m^ “morns' ^M,ppuim&p^T#st 
Ji .\>X C,^M^24 

“i mm&\ 

mmiXfcMmmfcM.it ( i536~i6n )mt^ttm^mik,mi “*^” bp^aw+- 

^i£jflfl( Twelve—tone equal temperament) 0 |AlE]AfA^^^iiPPMMf^ : ^ : iiE : t^^ l 4 :, &9'f / Pffl,S.fTn^?. 








Q 


'i^<V'i|-r'f>r<A=-Ptl EJF;£l( Study of temperament) 121 ^ t AH^'^W^:S ; t : Hifi:Zfeh,PAiS 

+ ‘W’ Sff 

“E&*0£#” W¥F, 

Pythagorean scale) PiV^h^rRli^Lf^E'ft. “£*6^” (just intonation) SAltBARL 

“g*$w wsisx u m&r et +r?&m a 

BPffe£4A, 

gL|^g*£-Tg= ^jtbUB^j- 


!A{n&PAizE^tu^A/A.J o^AjAo 


[1] « + BllH^*- 1985 «U 

gfcfl “#^” — tIH£JJ 3 31-f “##” 
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I m~m RFf8»gfcxt#»wiRai I 


1. “WiftiRSIJtill'JfSi^,” :{fi#Jiit? 31li®W®S! 

2. £^iRgiJ±A 4 «ffl “§¥#tSit” ARIM? 

3. M^ifiga^iMS? 

5. fBJii "4E$li3 r@i’4n ‘“^■WI : b^s ? — ^ai.\ 

8. AW^t^A^W^Ara^eiAK-? 
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—, ^JEE( Sound pressure) 

(Pascal) [,| 0 Ammmmmm.MK)pm%j2 x ioooimcaa ah 

b 2 ) mmmm ,aa-ash^m ahh-sass® a Kmmmmm. a^ka 2 x 10 2 is , bb 

SbJ^SlMliitStB 1 (to 7 j f§ o HH^feSrHitMcnA AH , $ A^MStIPSI&SA'" 0 BA 
ha , bhAmmmnttim±pm&Mth iooofg : mmh) aha , ha 

HiSrAAAAHW. MAH^AjAAHAM.HlAAHAIAIPM.'t, 

.H. ^ JEE§£(Sound pressure level) 

AH AAA® HH^HKlAfl® A( 100 A-fA), AHfeHHAiS, “AHM” 

AA ill* A A « ASSi!, AHft( p ) ASb#= AHCpp) Abb A AH AM A 20 

mm, HAAAASP20Xlogm W) v “AHM” P» “APT,AAAdB AAAo AH 
HfIIISAiA,S^AHAHHW{l,'fAA^AAAIX 20 n IS, MHM'JAA A IS 'A 


[1] 1 ft=i 

[2] #AHAffi=io 5 AAA,sp 1 

>tte^7 lptto ^p^-AAfA^IEB/ loooulb 20xiogio (H)00,20 ’ = 34 

'AJA 20xiogio (looo, ' ) =60 ^JH0 

A^At"i»l 0 
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| fEt I 


J|b) J® (Loudness) 




“isfzi? 
B 7 


B M. 




Je 3 a 


^J'SJSSB, 




S&rg fcb$?/k fa SiS^tiilSSzM A, i'h] i*i,& fa^tf 3fr8frt&J$sS, SMflfc® 

“M'K’o 

mt'\ tgigit n , -*h*KT, 

±&wimm'm^m%mm%Lm--mm 1-2 >„ 


l^fMa ioo£WW,ASfal®K£Mt&ftrK&e 


—■'Ml 


inUM^iiA 


m 1 io~i2o . aa aa atoia ah& , £ ji alp w g 

^\>xm'\^)£m&20^m o (Accuse 

reflex)"L 855>DW,S#^MA^AAfPfflo iti^l,ASlia 

, puma 


fai50*# o )ASM21f 


faf^,SM£fa&&e^S^tUI 

“M” Too 

A 7 A^WA^S^Ail^tA, 120 M 6 i)MI 

g; rfi:A®-a.Sil 120AW,A^stAA^,A^AAA^AAAAat^P^o g 3 -i 

»ra5ji s i±m -. 


[1] Thomas D.Rossing. The Science of Sound. Addision-Welsy, 1982: 94. 
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H3-I 


n§w±t 


±3R«5 

AaSA( 60 A£b) 

120dB 


tTffilife 

llOdB 

wmi® 

qi^nMC i.5 A£b) 

lOOdB 

mM- 

mmmm&mmamvm 

90dB 

tm 


80dB 

Pa|i0 


70dB 


^iiAiS( i A ) 

60dB 

itA 

AAil 

50dB 


itg®^ 

40dB 

iff SI 

Eh^ 

30dB 


Sftt 

20dB 



lOdB 


Alif^^iE 

OdB 

» 





) &rn& A^KHABJTfaA 


1933^, &&J ft(H. Fletcher) fP 

Jl #K W. A. Munson) 4 (^Sp'#Is 

& » M. Se 

A, S'J H H it W » 1111 , Wli£f4A M. i£*t A 

ttjT A56il “^PlRlitliS” (Equal loudness 
curve) 0 Is^AM'lOOOS^&M 

(MU3-i ) 0 

II3-1 A, ft ££it ^ ft Ji:nffig 



ffl 3-1 AJP&£-£’ftife&® 


[1] Fletcher and Munson. Londness, Definition, Measurement and Calculation. Journal of the Acousticel 
Society of AME. 1933,6:59. 
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“RrI" MA20«&,80Am^ : gfn/f 

ISA A1000 m$& , 10AM$/&#— IPiSp Isz,201000fMiftJ^D t® 
5fc-^,^HgafcMllE7f&o I^AJI^AM: 

A 52 AM b^( 988 S^)-Mo 

iia® 3-1E7P1.® A, ATAf 500-7000 , A^ATA^MT 

^Hbl/J^sSa (b'~a 5 )^wixrt JPMTWb'UM±^^^W0fe*o 7ft¥T 

A5&HS&, Rfnffiiafr^A^'JfpBAst^PA/il; = £pAtI£ AT 

whistf 

ETA ,APW^A«F*f£AT jATJtHA^AAglTl^jTE 

^MSfAi?wMii 0 jmt^m,awa 
, mmm 500-7000 w n 

5it M W, Mn7T#MA^fflMT 

AEfflT#HT^iiTrfn«( HAMTAHT^Mft), 

“W WtUSiL 

E^A^^Aa^Tiy-^^iSIIEioooM^WB^fl^AM.^ft^W^fAr^A 
A(Phon),fflPAA7^)tM 0 #£□ “io^",BPJS^r^iooojH^,io^mKi^#—#nfiWSP 
, “so A", A-^5 iooo M ,80 Am 

fH^P[p]M#A#$l “--TM& 

^-TA'MlLfg” S-T^n/r^Jt 

T A$l B /f'®; W Pft ft: TIT-A( sone), M 

5A—a i ooo m w £fe -a as jg & 40 a m 

BilFfJ^^^PlRlgBPAi Ao 

ePM. 30 AietlPS!l90 A. gt^PAStTilf Djf 

jaAtbMAW^A “@” THfSc AAft 

IA1S 40 PAtfrt, A^ ATI'h] W A &i5 
£; ffiA 40 APATHY, Afl^T 

P$ioA,AfIiJAMTP$ D 3^40A \>X 



B 3-2 ■#('#■ 5 Ti^T )$'fa 

&m tht 
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I I 


mmmmmT^n^^±mmm^, *jtb«r 
&, , fflM 7B§3£A, AfiErfeASfKEI&A a,-M#E 

m&K E J£, AS m±l , M¥ EWB#*^E AMEOTE, a 

E^ * TA?«»ifE iftEEB&'iM o 





EE 1935¥,Hll#^€^itJ6f(Stevens) ilMEi^B: EEMtffiWi#5£T, E 
?S^M40dB mtum 90dB 0A^EAA^-AEE( 200 #4>) 

Rfi#3i Atotiij0,, Srg^MfHi^iEfKd000-2000 am, *0A ■E b 2 ~b’) 
EE^Em A A«iib^ ,M# “EA«A 

JsA, AfilE^E AE^EMXfW Ail: 4nMEEEEW, 

/Jn—■ Eo ffl3-3^iH^4E^#E’’A#(Terhardt)1979E^15 X ffl 



All] toA A J4#EiJEA«,stXAftEBiXfEto^nlil: MWE 


[1 ] S.S.Stevens. The Relation of Pitch to Intensity. Journal of the Acoustical Society of AME. 1935, 6. 
[2] Terhardt E. Calculating Virtual Pitch , Hearing Research. 1979,1: 2. 
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^ ft M,inn—'Hi-*N§. mA-^m^^rn±^-^^ a JMfc 
ft.immrnmmpffi^'i'hk c m c^^mMmw^ooommxr n-^fflso^pift 
immm ,%-mm 40 ft w m&mm, nm^ , rMzm&rtk 20 ^ft m#( so ft 
wwm ,40 5 >w^®)o 

itfl'lfi , »£n MS 

titt^W-^,, „ 

^ mumwa^m 



r^ 0 ^)^?l^E[ 


25 ~ 1 00 5 > M Z I'fO( JAl IS3-4 )o IE'StIh 
i£T, -Sift Mftft&&f§( in/hii^ . 
r.mm) ftiliA^fflM&liJiJio 
ft m at, ro^Tft^spA itr® 
. njHjaga 110 ft m, ^ 
m, >SUM 

ft .imgftmmgftTkspjfn&a 

m%m ff^-mtk, t , am 
W* ftft»t£*AAfE£M^it&^ 
imftmf&tja TTmz^E^A^. 



S3 3-4 

v±t: 

A 6 */£B, 


0.5% (ft s ^ft ) 0 £nJH 3 £[M 


ft A 0.05 

at “/” v” 

fiMTraAA, a* 


mm & s^mmsai eo waia 

PJ,/J^l^^l?iJ,iSin-tE/htI#IE#^# 8 ^^¥^^J±^iooontt,ap)±| 5 !iiij^ 
20 x iogin (, '" ,VJ " 1 - 34 AITMWffiTfi^IM^, WS A20 X iogiu (2IKIII/20, =40 5 >D 3 , £nH 
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mm¥r±-m,M&mM^6frui 0 esa-uu^ 

“zti&yaW’ (Dynamic rangeX'&Hfr 

mmmmmo a«s«, mm 


* 3-2 



¥^^JiS?£BI(dB)i'i 

IS;*;sfjj§?CLlll(dB) l2] 

/Mi# 

14 

40 

Bfi# 

16 

- 

#ii# 

14 

- 

fRefti# 

14 

30 


- 

10 


7 

30 


7 

- 


5 

- 


8 

45 


10 

40 

/JvR 

9 

- 


17 

38 


18 

- 

mm 

13 

- 


b m 3-2 mm tb , #ffif m t®a h b wa*45 # m, ms® & 

aj^^SMtbft^,:IJR?GS.R^r 10RPI0 


[ 1 ] M.Clark & D.Luce. Intensities of Orchestral Instrument Scales Played at Prescribed Dunamic Markings. 

A Journal of Audio Engineering Society. 1965, 13. 

[2] B.Patterson. Musical Dynamics. Science of American. 1974, 231 (5):78. 
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I fzt iJrS&SSfcxtWSttiRSI | 


u mw’ m&,& ,i m 

tSfcSSZ” (Masking effect)„ WP,®—^»IrIS 

“Ilfil^fSE” (Critical band)o I|£#W 

UilWftltltSIWtSfti 

044'jftSfaMB4, wm mi m( m&mmm \ in^tfs^ra 5 

ft&tJ 1 !? 11 ' o 

®3-5M7;7^JMI:§Mll a,b W-l^fe^ft^'JSfcWfflSilWS^ZtiSE: 



IS 3-5 A.B WA&tfW'Jif 

[1] Thomas D.Rossing. The Science of Sound, Addision, Wesly, 1982: 91. 


41 





®3-5 + ,(a)ig^ A, 

a ,b b tw;(c)i^s b *®jtA 

A A ^MSSSfiW, a B d) A W^AA B Mlgg&BfiW. 

A #fjc&^g^J©K B 

H.RfflWMTOfclftttXttW# 

^ ^ a “ee{±” jt 

mstsMi. 

ffl3-6^-^400JM^#(g‘ 1,1 0 Mffl4^PAfA: 

M i&'Nte# A 40 A m 03, fXAlW^iSJjS 300-600 jg& ,3M^t£ (>~i o ft JH ^E A W MJjnW 

it®, (fife® 40()M^#^[j8oAAWAE^BA ®Hl^ 0 ~ 6000 t^(«f 5 Xo~40 5>U1 



@3-6 

t&tgffl 3-6jSnJliL#til, SPf^^ooJM^WAE^fi ftSJso^-m, Hi^^if^finoo 

ffi^E “i±JF” JB^AA^M»«£} 

JIM*»£=&*£+,“£J2®” ii,iW)S* 
«Eg^M#MPfPI^M^o HjtbM 

^]AIS AA£fc( M), §fp'MIW«o 


[1] J.P.Egan & H.W.Hake. On the Masking Pattern of a Simple Auditory Stimulus. Journal of the Acoustical 
Society of AME. 1950,22:622. 
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, ammmmm±^ a ft^-feuuts 

m%£ , 
mm* 

\>i± , faaw», mm 

100 mm *§&&&& g ) \>xr m *£, £nm»a±, i miws® 

mmm^ 0 

£. MK?*TOi:ffi*fcifc 

alKIt anR^h#faR^ D ^ h : 4JtJ4;P^o '4' “ l t : *X'<§C8&’' (Central masking), 

Bn®nR#it#itM£iz®4±siateaa£W„ s#tt m 0 , i\Am 

ytM^Tmfc u *mmr 
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1 . 

3- “PM" A “W £f+AAlB £nMfflAAA:£? 

5. “Hk±PW M? fCSJtff A? 

6 . fBJii ^AIItlM*«? 

7. &®»Jt{+A? 

9. iyf^w “Ws^&ejT 


44 







“Tafe” -,W.\W§~ EfiALn “Timbre” , Atn A “Tone color ” 0 “tlrlS*’ 

ip “ww it, “^fe” 

A A AAAAA :fi: 7Ai$&^7)7A 

fe, itfPAA 

tEgEfei^ife,MA^E‘WJMEf” lA^iHo WfeiJM.HK-WAMW.MSWA 
niiWfeWfAS,Ai?fP^AgBKA®,'tSA^WA,HAM5I^A sM 

7AASAA«ift#c 177 i!A 

[^W7AEgiJAA&lJ77WM7”A*A&7^Ate7A^,HA[A7AfeAA,;7 ; f- i 
t ‘W ^)H*mt^^|o^®IHP^AWKSiJlfAc 

A , MJi “tAA, Afz W A A A “Tone 

quality” o IPp^fe-S*A, JetsA hT louM ,if—AEASSai'^"7iiii7)3S,]®^AA ; H 1 &t)ttMf / f lB7J 

mm, mm 2otsT¥TO,?ii^®M 

“Afe”««, “^ n a 7 -tm^ q 

j^4'f± 0 

ACMrPJL “WJS” 

7M “#fe” 0 M7S*sM7: AA 


[1 ] New Grove Dictionary of Music and Musicians. Ediyed by Sadie. S.London: Macmillan Press, 1980. 
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m^mm. 'mw* 

mm,m\>impm.v\-mm gitaj® 

, mm tm^nm^mm. 

m s mi 

Ait, i3S'® # iijil^#tkSil5E^]i{fc#;^, Ilfefcfi“#^HA Wi¥1^.Ai!l{A^ a 
ir ^xmm >i§sf 

Mini* ^ 

u mm— ai©mx— mb^rn-%&&* ^maa sh 

is #S3£AM,©fitin “*3Kr-», .Mil— M —& ©ii- 
m, &$—iSg. . X*— t$W m ; W MWiMm fcfcMA, £d«A« # £ 

ti( Staffeldt) &i]i¥ffrfA^i 35 AAl©^ 141 , ffaJroft^iw *«.&( Gabrielsson) MXfflT 55 A 

MC «<, 

§»fr^«I£W, if«£t§( ©§A^) $m Ei3Att#±m^A±AW AH#^, 

(XMffiSfrSM.iaK W& 

i3#z^»* 

I'SMTO+tfig, AfJ , SBfSffXWMfftt, ffl A 


[1] 1976 A til Pratt fa Doak H & 0 

[2] 1974 #- il von Bismarck # Hi □ 

[4] H.Staffeldt. Correlation Between Subjective and Objective Data for Quality Loudspeakers , J.audio Eng. 
Soe., 1974, 22:402. 

[5] Alf Gabrielsson & Bjorn Lindstrom. Perceived Sound Quality of High-Fidelity Loudspeakers. J.audio 
Eng. Soe., 1985,33:33. 

[6] t-f E: #.« ,*^P,S^E: «,#'!#.SIAM ,«# K : 

M^#L#Wf fiAwil: «f $$&$#£& 1987 *&„ 
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“fe&sr kj«e& »KW<mm& i 

$3 ^ft§£nT^4 —k^4-2F/pk: 

H 4-1 3fnM«fe®ag 



J\M 


A3§3ftAAlt: 

Bffe 

AHgfnAA,® 

rffe^Efe 

A—JS^A-fclt: 


A AS 

yife 


Siife 



M. 4-2 fR&feJt 



>f 

III 

j^f 

»fe 


8&5fe 

iHfflS>A« 


AAAAI5S 


/J'/JAAP'S 


$T-:fll'S J&J vfcjft8£ 

fiy&fe 

«Afn3£ 


* 4-1, H 4-2 ®f5E^SfXPgT«^^fl<l?E®, 

am ,, ~Mi±{bLm±mmn* smw m- 
AfaliraA^MA 

if” “W “imbt” “PS?Hfi” (!WtrfiP^3i$ljn n a)^o 

mm “A5*”) , ^]5Mg#itWi¥f/rffli®^ 


4 tB JR ft 1996 -£ )£, t 224-228 1 „ 
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1. , ffl , $A ’• 

RfA#:ziH]W«-£Wf§^ D 

2. *^,'t,it±^tt^j'^^fnEfe : ?-Sllffna. 6 

w Mmwim „ *« 

3. SMH&, ±MHtM^^IlMII. > AjMHAZfA^^ 

m , mwm, 

4. “it«” r- 5 em*,«mh^ 7A 


m~ t> nffStJRSBasfeMawitns 

^/i»a, = 

s —%MtHk :■ 1877 iH^j|:io 

5 mzjs , , m ^ wsiiisj ^ 

awi^rjma. w»iisfe#^Mw 
itb^, m^mmm , ■. 

mmM%m a 

2. TO 6 AlA±ii#W ^(iumw .HRAnA^) , » ATOSAH, 

m . -, £n«w®^§i, iwifiii. 


[1] Helmlioltz. On the Sensation of tone as a Physiological Basis for the Theory of Music. 4 Ih ed. Edited by 
A.J.Ellis. New York: Dover, 1954. 
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| mra* qffj£*gE*ra&WiR9J I 


4. 6 fnn 7 a wsaw, #fe«y§^tH, 

3A3fcift,3n^r-iPfto 0 
it , Stl^feo 

ifOTj£ *#* #lAfifSM£ifeiP«7m^A20 tiffiT WA/s, fiff^ 
AM^iaA{nA#feK.€^7S®^iJf^^h,3£Aa :: ^Wfe^^^A^^ 0 A^&tJ 

A A , hkmmiPM Wfe A 

S 4 -1 5 Aii^KA^ffio SA, All® A0A1: A#® so 

'S#AAA.A^3iPJfiPl^0A^^f*W, ASSAAtesoifA AMHI'MtimMt: i?l 
Afs b 1f ( SI?) MiMJi Afl^a^^M®, m 2 ^-iiMtAii?!l#A®^/affl®Tl^, m 3,4 

, n 5 ^mmmw\ * , /irawtkMft;* 



Bt 1 'b] (ms) Bt fa] (ms) 

HI 4-1 f 


TOti?P £& .^aSihA 

mm*4-3i^ s . 


[1] iig^i J.S.Keelerf-1972 7ft tHo 

[2] K.W.Berger. Some Factors in the Recognition of Timbre. Journal of the Acoustical Society of AME. 
1963, 36:1888. 

49 




I mpmpp-wp \ 


*4-3 





msm 

SqUr? 

^®Tlf 


*S^ 



*^t 

T-m 
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M*4-3 4 3 ^Ilil^ttl,IE»»f^Mi±50% mppgpmm 93%)W^t ; ( 67%),a 
gtSJ&W 20 %e WJ^S , 30E-Ax.ivfr -^MPlpy. 


W^o 

^ *--F'5 P &&#$&&, )Mji^';ltXX^'Wi » 

ffiM—TCW^iRMfPfqi 

m±mi #Mtf4^^aa^Mi±i: 

^im. e$ , A^n/j^s&i§», m^n ■, sre 

tlt>4;;4,i7U^;i4^:ii44 3 !»jEj :i lcB4i‘A: i : ;?4;'Y4’L; rfu^-K:^',P'^7BiS/E§l^i^,ii ; H? | J4nSn 

wmjw [ e *±i#, R-^m>m sf«g&^fe Mm^um^imm&'W: 


[1] W.Strong & M.Clark. Pertuabations of Synthetic Ochestral Wind-Instrument Tones. Journal of the 
Acoustical Society of AME. 1967,41:277. 
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vkwm f m ,i+tttiM®a m . , ammsmt «&m b 

"^fe” Wi 5 ^Po 



fe b ^»+@ii, 

mmm^m^m^n L ^mm r >. migE#«$D^T&W 5 £, 

, h^ho ^mmimm^mmm^w^m^o ,$n m 

mz&mmfrzm g .d> a a d m&m sg^®t^««s^o@ 4-2,® 4-3, 
m a FF#tfi, ^m^&nm^}z.\'mr^fm^\ if 



0 « 4 (Hz) 2 . 5 k 5 k 


@4-2 


[1] i£#mfc*T&%nn$-*‘milL£%®Sm*l “*#" (Spectrum),*^#*^ 
A*A 
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i. g §, a 

■S£b; rfff a ?£i2 eilHIliiAiSiao 

3 . g Mmm±jj ), ro a 

&f*±3fc 

w, Amsoon^c^^T b') rt^e 

mmm^o *t7oo<> ^ ) oLtwzto^ftnmtjfatmm* 

p^t^e m wv, wjiafcf^iw,&wsssft 

7^7«,E7ls]K 

m&mm&o 

imw#)^ m^ioc , mmMw^mmxtm^n,wm- -mmmt-z-fc ,to# 

ajpiatm^ ,nm^ u mm n *bvmF&#% 
, f a w#r^ ^7 '@; sv -a ‘mt n mi* 

jAw^pm-fc mm^tmtL wfi/RTO#®?, wm&mm w-imra] a , to®^ 
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I mra* I 


5 ff 3L$L^: ,bb£n: i^a 1 M^.^H 1 M^^li]/f ; l; ®'®i^ ; a^i^.tKSS 5 S, : Hfe p /rS 25 feS 0 ^'^. 
m-. ^\k %,Atf 


JET ^D(q]^fe^^llSi 


*Ti¥S^§raMA^,«ttSln^7Rf)>ra^^0^,HittW 
fe Wi¥f^A®A^iA^no A#: 

-,XttfcS* 

Silk, 

mm ; m , MtBIS-SAf Waizfi, §tS#8^IP£»2£ ,31o 




AU^MAiiM.- 




(M.Ravel) %MW±%9lttio 

m^mt^^jE^Mo *®, &jTWTm^&%L?3imft-fflzja ^«pjhcm 
\m “§5951” 

, gp^ji “& w, wwra^M^s^paffl. , &£± 
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“2M” wmm^mjx&^o mwtmms^ “ n n ngs" $ “§!&&” ,&$&— 

#^D n p^/5^ffl/t7K#n^a!lS^±^»^ “r£jj” 

-^£#0* 

“^iif 

n^AP.mmu&^K^Kfom^ , mm^ a »£n, 

“incn-nur 

m “ss” Ar m 

mmimmz mummuAmm^mm^mM <a 

fi^fsiMItft “ATOf+A^g^-f+Mfe” -M 
liua^Fo apsam 

KiPiTA^S^ > e »^4a£M^A®&-#» ,Mta AfilM AS&MA^, 

MM~feW%ATMiMltft&$i%kW'> M^il^^AiS: l] I^Mit : ^(H.Smithson)—fit# 


[l] ft*S«;^fiiP: 

[3] <+>#0 

[4] (f-3t‘**»ipXT^ttt# B l^' , l,(^S3c^#»^ATAft^^’f 

A «"1. i£ * 4-'f, * ?&'«, ^ * £T*J A « A Jtk A * ) 4 1 tt * & &. ft*. % %. tb, 
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I nmm | 


# ri^ m . srie 1 w-#ro e , mmm 

sit 

MfcnftHAI^R 

1. tb$$i®/L.‘^?fe.ft§^6'5ini :l i'i |:| [*I% HEADS’ nJrAI!^IA^Fo 

2 . *r8SSift “M" 

mm%, 

Atffl «S6, A^ia^iij4 J ^i#^ 

S+BWbA 

An W#'!?, ^&R|ii]#iK 

(TOftSM# xgpffet#— 

nft /fA- #, mm ik 

wa*a; rfn^E^ hpb#, ap wn&. ^syatn ztm/Kmmim&mffit , a jtt-ss > 

“itmmr'm “r&#&” w^*ss 0 

^*se- , wota, ®itb+a®*?!#„ 20 itm^, 
+a^tis am, &pa a “«”. mMmmu&\ 

a “£^ft" A®M,#Sn±KftftlA n nW “«fl” ft 

T-Mft,&MftMA» “A#” iiJS^tt" WiiSa 

pa?i#® , m\mm. 

^§APAM#AAft#ftftp n pft„ tfeftftftW,iinifflli 0 flft# 

“gift”. 

, utmmm&o 


[1] “#H|A” -ift^fiE£-:!&*#t4R£# 0 a D &ift Ai£$ASW#fiE,&fe't'7 A;A 

“Wft" ^#. 
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ft&Aim nr a "tr aK u m s ”a “Am^" mm* am ,, 

^M&WAMnM^ftmnmmM%Afewmmw.&¥f(A.s.Mutter)mmn z £ 
«d » iiMEftlWftfrWfft', 

ifefi^^®ir. e £%m “A" a ntnsm., *m 

gr mr ^m/Co 

msv ASffi«eiRSU-tM “'ftmm” 

A%A^&i9MAm'ft^mAA , Am "m&jm: m\AA^iamnnwM,^. 
^^'-mm\Am\^ a 

-.“XWliB^*®” 

Jf®co min, /JM/J, H/J« «0rJSiK, -£»#*+ 

, mmnjA&mmA u m^ m&M 

WMAmmmm&o ,wr^M&m^AA^M 
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maffiSo "*mm£#k 

iz” “'p 


wfeaffm 0 , mnmmmmm#) aw^m®, m^sAAM 

jt'&m mpjiMAwaeA, u m&m n , 

. * a ,m i^-w&3§^m*aip] 

mAM^. IIJ1MMASftlt&MlE. Sfc 
ftA^^#^-A- MlteMAA “A 

r». WA^o MB 

m A A, Am#fe#!Ei{®iJ^iR^«PSTHfriaSJKi®l^!l( !®i# Pfe&tfek fctfBft, Jt 


[ 1 ] 
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i. *»”? “^&”? 

5. 

7. Aff A? 

8 . IPfi? ICMf+A? 

9. Mi “j^T ? 
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;-t> off^ttg-KWiRgy 


“ nr' A" ( Duration ) AA htAIAAA—, efAlltiW.'lS'KA 

mmim-^o mtu ,^ a.mmas 

ieh^ 

unit, asa m "i mtt tswaisut, ifAHtffignitt w. 

It SMn-fRiEBP! , A#Ri ~\L^ irW Jt^BAAAr^is Ao — Jfefn5£T . mm 1 .4 AM 

t=i/f 

It A: tft^JIJfi,fft^®$ D 

^\mm.ma-mwmm^mm^44()mm^ )MA^m^mmm^ 1 / 440 #. m 

MifffitliiJ WiRgiJSit, Ai£AW, mm i -4-AJi m , K-M0AABPA 

1.4 x 1/440 * 0DO3#* 3<#' 0 

JulSf!fe»Asvfei^j:. iAsAsPA^^ilnlSiiiA SAiHSO iKBAPJ^itfeio ilxinfCa'f^ft AA 

S,SP»»£lit5 1 fg( 880fM),KiR3U1.5*#o SAM 

fAiRPA.^AnA^^BAoJAilrieififeStb.^ilfliflA n A^^llWBA9l&!iA:; 

0't|H]®£.. 


[1] 1982 ajR 0 

[2] £%$: {%&-&%—e-tf ■ %.& ■ i+ifflltA - MIDI • #AlT^#f-@S.aifl>.tfeAXikdlK 

A 1995 49 I ; 
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% mWM-'&'MM , ) ^iPJiJIWMT^ *£n,-■ 

i5ooj*3&W&fe#(^^ : F , f , )miESP!#Wi^S«m±W- > h3S**toS^Ki^'»^ 

i \ m4i«is,ms^m+w 






Lsfe m 


, ffUc^fl't iSM'feo 


MRI^fISmilft§rlf^Wl0l c MMiP* , tm^M , 

JiJS^^NIbL 

fte : i®iHSIJN'fa±,^igiSffl## : ^ij''^(F.Savart)184n^^)$^^,^.^^]^jx 
s^sg2t^i»ji|p' D 

m 5 -1 EL^cr^mAL^mm 
4 1 2 3 4 SrtrKsBi, ttjfcWSj&Sg ffijSSSWfffl 

£ 20-30 S#ZlHj, fft^KPHIffig 30-60 s# l\ 

Mlftlii. A5^fe WiRSiJ^^ftaii^^ 
wfei&tft^.BPWM^aiw^wisrajiig, 

#£□ , *T*Jfc£S , S15E 

jtsmftis^feiRSijwriisfc^s ft&fcs&iflfe m ■ rFRtfFK« 

ftVtMf mm ^, iRgiJ Wf^Eiz-teS-fe-S o x £&****£fl o 

®S*^3IEajEmz:TO3£, iRgiJ®^#feJ^falttr^^ so S# 0 

-s«iiEOT^«MW:ra't m% 200 sfj>,^T»N-ra. m 


C/Ei 

I‘h]EWE-& |4! o 

& , ^Mfe, i^^itis, 



[1] E.Zwicker. Direct Comparisons between the Sensations Produced by Frequency Modulation and 
Amplitude Modulation, Journal of the Acoustical Society, 1962, 34:1425. 

[2] Thomas D. Rossing. The Science of Sound, Addison-Wesly, 1982:107. 

[3] Thomas D. Rossing. 77je Science of Sound, Addison-Wesly, 1982:108. 

[4] Thomas D. Rossing. The Science of Sound, Addison-Wesly, 1982:94. 


60 




I ms* lummm&Mw I 


mi®, 

#r4t - #^^-A(N.Rimsky-Konakov,1844~1908 ) faWH 

< mm~m », fcaas# “&&”, gps^gft 

3? 220 ft, f*Sy§ 2/4ft, ®ft il 4 ft 16 ^a 1 ^ ftfi£, ttin^^fta 1 1? W^(7BftII*<J 

ft 68 *fto H 

ftummm^m, ^iRsij^¥Wfi]^ 20-30 m>),mu$km& & Ai&§&^f?±MEf 

ft^ i#, A^ft^tl^iR-ft^'Rl^-ftWft 
,ftTOMiRSUBPI],»A7§pmM,I^AI#fl 

Jtfipjtb. AM^ft.^^iRsij^A,MSiHgij, ma&mmi 
B Ai^WtMAft ^, £itbft« A » 0 

IIP 

g i+MXLMlii^ft S'JfPS A'^tLU A, PJffl midi ^fai+JttJlAfiAWefigT^ft 

^SlJ^At^ffifiiio (Real Time) AA 

aif #^mA0't, , mm±thm sm^m 

mm-, m^&mmmi^mm,^ 

: -ftTOftiii 

?H## A P\€ftS|iJ ^ ft HN-feOffc Wi o 

Stefti# , WjSJUZ o Afn«^ft*^^ 

“7" *d“H"; 

ft^sft 0 -]i£{iz o 

m^mw^ft "ffimw sic ‘twfHi”c 
ATOB^t m^mmm , 

^mmmmftim, , »m 

ft “ftfWfaT’ Hie “ftWl'BT’o ft^Wl'HllfSftAKrtWJIA^I'HBSiic 
BP@£P-ftA#±, B-tl'p]ftftHti^fnAi|^^MftAl^ 0 mm “^ft^BftsT, BPft# 
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—wmm ,mm Mm fitiwisi c 

tfW]0ii^i» o imu ,^ mimmmm ,#Mti 

“BrnA 

m-m m* Am-mmm&mrtkfe \ ama# a aw. mm#-# 

TJ&SgitfeSS&flfc, ±-SMS®t^MltfnT?#^^Pfe^^5E0^rnl3srr, M 

mm tM, w waim 0 

immtt&m±.mmm&,zn “Aii" “1 ama^*m 
tmz -, mm>x AMmmtmMmmmmmAmm , g a m / Nfcwn1 

m%-o 

, iSMM Af*07«E ‘ A 

mmmm ; tom jsi mmm ., -w.-wMfm^mm, wmum 
\k&mm . h , a 

AMJsMiitW W» %mmm& , A Jlffl 

ttiSsfr, A A AiWllA 

A^^AS- 4A%iJ^»^AAIS»g^ 0 ft M$fe 

[1] &HLM: $£#&$&# 1998 7K 
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^s&wwrafciftft we 
Em , »iEB^, ^,MISSISm 

.m# Mmm^M \ 

sit; wra-^sife^-^o ®##^4 >ki “Rubato’w 

t mm w *w ‘W, . 

ffl-# “xe#." ^«BT5fc. 

iiiM+f £ftn a n#M6ff3fc, AfiliJtl: ■t'#;N-fB]2^®#^^li^iTn^^« 0 

Igor Stravinsky, 1882-1971 ) 

Elgar, 1857-1934 )®fe*E®gj¥SSf£i8i ftlftttli, 

##*r g 

“ji?r i*jw-#$mEo ^^-Tfffe ,mm\mm\mtimn ,A5ttK 


m=v mftmm'pmmvmwi 

“tj^fe” (Linearity BjEmbJciHbb^;^; “3N^t£” (Nonlinearity) 

B-t( infill Am/tl1 + 1 AfshBilA2 ) gfcH: “IStt” ; Blfffi AMA/f|yiEMA'fi£lEbbM:7 l cij;( inffa A 
ji^ i+i “mmr 
be , mmmmmmmmmm-m^mmmmm& a 

Min, 


[1] [&] ¥«Bb:<*ft * If#: ±*#$*j«>,*Jg**#.i»X!BK&20W*JK. 
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mu u &$tw' m, 

“^s&wr mim , Wc&mmmfem^ a 

,a a A®'®* psem pmm^m , a 

. ii#Wp 

mipia etMi'HWtWo 

&&P& , toss 

mmxft .jm£ib&- 

AfXffi!^-^tJ®^fPM£ft, 2^§ A AW®, APtAA ,SM 
H , 0 Affifatf ^ * „ 

A^j5ffiATOiAtilAA^A^*A^^^',¥;W^^I‘n]SSo 

“.Mf 

“"oSSh 1 ” (Combination Tone), X!5\ “^p n"T§r'\ Je A A &tJ — f4b^li??B, 

G.Tartm., 

1692-1770 ) A 1714^^11,iftXfe ‘^Alfl:#’’ (Tartini Tone), 

Win&AM# 

c 3£fp d 3£±,fflgS5*£&rft^ c-e 1 AAgA^ 1 , c #( AA£S c) AM 

c'-e 1 3K#ftn\fr, i&f#8ftt£J5fc#o 

£j£^j3HeI>:£&, Sf^#4fptt, ffl^fllAi'J, Sin, mi 
mimmm.±mmmm+ , Ag&R am a c>-eTOWM,MA«?'j c awia®, s# 

AAAi&®TOAM,MAA1r 

ft^t0 
ama^a A§t, a 

K-fizAMAKM g B JE#«jSJ£M±aff^rit#«i^iJg? 


[1] “Combination tone” ## : Harvard Dictionary of Music. Edited by Willi Apel. Belknap Press, 1969. 
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I ms* | 


olllX'l’ '*1 h" (Differential Tones)^P "o'(S ummation Tones) ffl[ iSMe 1 * 

jiffiiftsf^?±,«ftjr,&mw-t&w*B«ft^® *# 

Wto, SfcfciiiWe c'-g 1 ftM^MT^.M g 1 torn*titek c 1 ft®*. BP 
392.45-261.63=130.59 ( ) W,M*fIft#|£fc?c D fftM&g, 
^ft^illft*#. c'-g ’ A^~^®*fIft|PA 392.45+261.63=654.08 (jfM), 

i^Mft^We*. 

£J1,M^EkA^ftb^A, AMJ^li 

)3tA«^®*(/.)j*£ft£jsfc#*h, A^^Tlil 

2/,)teM ; i : f K *ft^H 1 ,gP 2 / l -/ 2 o i£A c'-g' Af^J, ffl2/,^ 
ijS2:JaJ^#PJft®*fiA 2 X 261.63-392.45=130.81 (MXX c 0 

a 5-2 EAT £—*/ V®A fr-f\ fp 2/i— / 2 ff#PJftM^fttf(£ 0 it&IBi^tTAftji 

'il'f? A~JI: 2/i— y 2 TAft tftWo 



[2] Thomas D. Rossing . The Science of Sound, Addison-Wesly, 1982: 135. 
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H» n 










mms -\+. 

ffi&IxH 1 A 4 1 , _t Jj WA P nW^j^^frA—it:, rfn ft&H ^ n 13 &tJ o' fifeef —] -h ffi (ft A ia ^ nP(ft M 

2 ^Am iftfffr =££, 

ItllliSHAi&ftlA't A#(P.Hindemith, 1895-1963 ) 

(Aural Harmonics) AW 

A%fM« 0 't, miki w± a w- mmm&^o 
im&&: 

VJf%&im^M 9 &% & A( H.Fletcher )A 1929 A » A®tB 'A 
D.Clack) A 1977 Aift^It:,—'HafiiA 500 &&, pf^S A 70 dB ft#.®#, 2 fP|| 3 A A(ft 

£^ 6 <]^ 5 >SiJA 25 dB fniSdB'A 


5E9T ffi 



‘TO” ( Beats 

(ft^MfeJJA , ‘WArfn^AM^SilMMA z: ^W-#R4^” sftW 

n ‘4W ift»zio » W AW A442JM. 

^'Sfn(i5]0\['Ai4 f 0\l',®t^A : fe—A A “ft” fiAteWo ^ 
if f ^SRAAI4-i : ftJgfiS^7f6^^^]JlC5ifnqfr,'i 

Ji, AWffi-fe^#AA 

ttW, RAAiWA«giJl4T^A: 

l- WAWWWiiiiAtbl4j^.i5(fX^A i 6 ; l3iTi]B ) 0 
2. MAWWW^Wfe^nW4c±AM£o 

'ATOM E 5-3 A*ftAMA^#AAA[S 


[1] £«*#: 

[2] H. Fletcher. Speech and Hearing. New York: Van Nostrand, 1929. 

[3] Clack. Growth of the Second and Third Aural Harmonics of500 //z.Joumal of the Acoustical Society of 
AME. 1977, 62:1060. 
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I mum «-hHR»k I 


^ Ift ft WSiES is fa, “ ft, Afn°Jff!l ft Ji—AM ft P 

5-4 MTcTBtftMaii^/r lf«o 


/ 



ramsAA-iA faffia 
1 1. E^lT , -tfaSfc^N^SSEfcSS^^o 

±i#fffKHiPM^o ®$u,=MM / N ; 0S'§©ai^H 1 WM'a ; HMI^WAS htEI'SA 
T«ft ^ ES A AM7 AAftft W, f.Q “ ft A A#, rE^ ASiAz fa ip W A t£ A 

Wffi7#7 : Aft^,fH'&{nWg^|B],$D d' ±®Ki2gf(a 2 )|P a 1 ASftll U2^(a 2 ) 

is&ft«£ i" 0 

#; l=ixl^iii^^Jfflft^*iJi^,^B^Aja^-m^^E^^A“£”, Afnas^MM® 

, aaA^AAftftmi^- 


[ 1 ] +- jp-i^d 1 f^fSiC^a 2 6<J Wt- 7 293.67 x 3= 881.01 .a 1 ftl'^fa 2 440X2=880," 

ftf»16t)»f^tl!| 881.01-880=1.01 (#S),SP*--frft#*fto 
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I 155*1 I 


Sin, ta( G.Gershwm, 

1898-193?) 

S. mn *Hr 

SO: “=£”; rfna#£-^«iiSJgtett 

“W”, fi&-A AWM B 5r^z+, £ R#£c 

igstr 


tfRP!i( Consonant Sense),S:WfP< 
?SKi.)9E'l4 0 —fetitiSLT. A'fH'ffii’fG “ftli§” (Harmony)-^ “tiftfO” (Consonance) '/Hffl .ffi— 

(a^)NW^W^o 

^M a r±itb«,^H3ilH 

-.«mtki£ 

nifte»MP; «}gSfJ§HJ,PttiBKS$(b 

*1:1, E&nfffe5lt®*M'fPo /Vg^g^l^bb* 2:1.#ft£^* 3:2, Mjg* 4:3, &iH ft 

!®^bktilbbS^,HrfnBJffe^bk^MPo AHJt^Wbk*8i:64(®E®t@^mt,TP). 

/JA 32:27, &&£SW«bk£M, Vrfe^+^tMn, tik%z “ 
£tW o /Jig^^bk* 256:243, A 729:512, $£Jg* 1024:729, fSS^, i£SOT. 

W^bkM&fflM*®*, n/r5l§« WtJ, tm% “Wl§r„ 

g &-%■&# . ftftsrae# 

3brr^;iW^S!iJ?£(±ttt±ill?Po », ^^{nffl+-¥^/t#£^m.ft^^bk* 

433:289, fB5tf5fcftfcbBtg&.ffirlftfUPJT®i 

^a 303:227 , ^jxWkMwm. &mmmm , = 

SA±j£rrCT^W#5t, *4***M^ftB£«tHT^JSlJ#S^SSft?j«?i 0 it 
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I as* sHfciaau 


taigas > s i5ttM,ir^iiij#4 

M15 P1JS, 30M4GZ['iJ, 

ik-. 

psoo-iooo^^^^^SKi^nig.^Mtiijtk'l&KiJ^/i^^s @ 4 n,& 100-200 j|f$fc££ 
mm . 22 t®, we^swin, ®t 2000 s^iyr* , && 20 

1 =rll p JiTi AiP fcfc$5fl5frlfl o 

20MW8SlftJ “l&IMT (Critical Bandwidth) Sit,US# 

MJi^: i £3 

it&mAJ^: 

ilS#M 3 itMT*IA 3 
^fflAft?#AM^^iHSiJ ,P| 6 tgKRgiJ ,t^ 0 'i^A®f*S®* o 

^ AHS#W ,####( Plomp) !□ fc #( Levelt) —AT 1965 

TT&uTSit: 

1. rn , TMtAla, JxtM'lA 

2 . A/I '^TilS#'rfi’ < S 1/4 Bl, .p^iifBx Tfe'ln |l| o 

^5-1 ^tBTT®MHS#w^PAAMTt^nS]i/ 4 ^M 0 

m 5-1 tihh® *ns#w^wsaAtMoM 1/4 


4>'l 'MM 

(Hz) 


w&Rwimw. 

(Hz) 



1/4 gjjgfi 

(Hz) 



100 

90 

1111 

22.5 

351 

200 

90 

643 

22.5 

185 

500 

110 

344 

27.5 

93 

1000 

150 

242 

37.5 

64 

2000 

280 

227 

70 

60 

5000 

700 

227 

175 

60 

10000 

1200 

196 

300 

51 


[ 1 ] “Consonance " #-4^ : .Vch 1 Grove Dictionary of Music and Musicions. Edited by Sadie. S.London: Mcmillam 
Press, 1980. 
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hkm 5—i 

'a'S'ttife^p ft&O r ^E moBM G) i2f PiirlX, Ilm1111. 

i^v'cHrri^; M^ ; f : ^n^li7§35i ; g ; '5>,^-iii—■^4 3 :&HIt:(/bERG.NHll£El'f3] ), S 
UK, , M/h-SMifc-bfiSS PJST WW@. * iLBMc 

TOUT2000 BM 

(AtitiVyh'Y-iili B),mW#Pi 1 ^{X^j60^,tb¥±^-'jN—j&jlt^fcl,^ 

tW£,KHMTOft'P m 


M + (Hz) 



A4 


IS 5-5 «f 3£m¥#t*7t.£3Hfc 

f Mtfe: ^ 500-1000.30-40 
1/4 ( 27.5-37.5 JM)o 

£3C&: 

fa 5 EfeittERWE ,*&•#&$&&;>,M#PJSM?S QI 

*5-2 



teg 

/Jv=g 

g 

c 1 


g 1 

C 1 


t e l 

c 1 


d 1 

s#« 

262 


392.5 

262 


314 

262 

X 

294 


523 



523 

X 

628 

523 

X 

589 

785 

= 

785 

785 



785 

X 

883 


1047 

X 

1177 

1047 

X 

942 

1047 

X 

1177 


1308 



1308 

X 

1256 

1308 




1570 

= 

1570 

1570 

= 

1570 

1570 

X 

1472 


V±: #-f “X” 
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I ms* sfciRak | 


witw, * 

fxfx/j '>0.46 mutm s' 392.45 m&, 391.99 sis 

mmsmm, ae/j sh^ ae^ai#, , mmmu, 

0 i!17^S ,»ire*MTT'llPti, Hi c'-E ^Efrife^SE 

e^aidm, , nmmmmtmm , 

H^JlE eH# 

e^uE^e *#„ ©m 

ate, ^ weiaee^^-n- , 

^Mj^n^,SJi!iJWfn 0 

M(E Al£EE, rfnAEgf, , (S 

EE “ n-fiSiW” n|3E )o 

isLtH#3iifeiSift4>. m^mmtm 

20iti:^3/sffl,^E^ttii'^n^iA^n^®E,^EL!jT “,^'iri^'fn” (Sensory Consonance)fo “1=p 
fRtAfP” ( Musical Consonance) 111 frtjMteo iU#;lkf!tME&tlEa 1 MSfa?'!^'B'tmrl^-^ElHutA 

mm-, 

,mmm;2 ,«4:3, ahj®5:4. 


[1] P.Boomsliter and W.Creel. “The Long Pattern Hypothesis in Harmony and Hearing”. JMT, 1961, 2:31. 
J.P. Van de Geer, W. Levelt and R. Plomp.“The Connotation of Musical Consonance”. Acta Psychologia, 
1962:308-319. 
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4. &AA!?pq#jgtt( ,^fe >^3s»#fc) M5mmt)± , abw^s^irsijw 

mmmi w#Js^«iPJsijwr^Bc? 

5. fajii “^mir? ^ • v N*&trar wm®^? 

6 . Mil “AfiSc^”? 

7. Mii 

8 . Mil W? 

9. MfuAW^«,®®^HS*^^5Sc{n^t^W? 


72 



Am 


H—' v M zvb 

“MSf (Vibration) D 

: #f . A A AStSti^ ^ o HI itbffe'fni^,, !& A—ft AflW 

isSjAi'Co II Aia- IStSilro 

&®mm , Amumt wsstio 

. ai&i ,«,igw$ft$iftisi 
“SSc, AWMAj, 

“ftjiilflizyj’’ (Harmonic Vibration) 0 7I! - ^/5i 

muMtetoiE^£gmM. xjij&A^siTTifflT 

X=Asin (cot+vj/0 )]lSc:X=Acos (oot+YO ) 

SA, AttA'Wfe" (Amplimde)7^^lll^llI§[£ftAA; Y PL )fP “fflfe” (Phase), 

(Penod), 

ii^ffitSii , $0557irt^ 4 1 IE?S&Sti, EfL-R^: A ?§ 0 
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,®ii«3§M3r£ , 

fi£A5JF^lft«c ^(Joseph Fourier, 1768-1830 )®Bftjgl!3Iik,ffiffi 

jZ^tStfeTi/ (Fourier Transmission A 

“ffMnf Mf" (Fourier Analysis),j&feJUgSfS® 

Aff w ijffli^-att mimm 



- JlMtisJj 

“Mf&Mzfi" ( Damping Vibration ) t£ft 

mM±, sn , g 

MSiio 

,JIMWfnwia* WfPftc fflftn# 

m^WL%^m\Trnmi5^mmMwm±^mu^^mTmA\mmYmm3m 

Q=2n x- 

Qfttt'K »£n,#««A-e. 

q mam'-, 

SffMi Q tm±> 
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I i I 

mw&mm*hnA-&mm&,mmim{k*%fti q 

,#ys, 

a a &#§«a a n M w I'piifsi^t^nirt. 

E.»$n$i 

Wft'itl3)W®»^“l$” ( Frequency )„ 
fto IfeniJMHertz), |f M, Hzo ltffli£&&^A&(KHz)Jk&(MHz)o #jl 

Aa ) |ft«*«27.5 tM( «),«(c 5 ) ^ 4186«, tftIM 

ARRtib 

!i-t 20-20000 , fl *A&*£tSc 

MiiTSidnrai&MS, Hitb^mR “^^«”o 

mm o t) ^aaaaa : 

f=i/t 

5.in 11$ 

(AMtifAS A AH ^ ,{W$ H *, »l # WitSiW, A tif£ 

“W\^mm' ( Natural frequency). 

M,HithR^W0 GffiM&ft&ftW; “fc3&".£ 

w , s □ fl$ ^ P&t]S W$ o 


m~v n m 

a, $w&?*£3i .a^ijfMbo ssn, 

, niai= ^ 

(Resonance),, [&TM 

A—#, bn HI, iL^Sfeip—A, fJc, ffi 9M 
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#+ tb 51 ‘^ ASP - Wl ^^ m^o 

& a &mm « mkm ^m^r&w- y rm ■. ww± a aa tst^iyan) n 

-0 1,1 

htl^+^—A^#^f^A^«,a"Mxlff't# “AMgM” JPAlxlffiJ 

fa -AS, #i±AiffifT&^J 5 e£? Wll, —&itAi£ 

#.- 3 ill ; A ) tSitR !?^ iffl ^ rfn ^ 0 , ftjs ^^^ iE ^ T ' f-teWfSao 121 

* T«?#£fMfc ft Aftfes ? r*mm SX A * B ^-# M & AJJa ^, g 3 £«fA A # 

M , fliP 7 Lil #^ e»WM “ A ' AM ", Wrft ' iiAin^A “)^ f £ A ” fcj ® i £„ 


WEMfi A#f ^ A 0 ^ W ^^ Mnffl 6 - 2 ^ A ;,^- A ^!± l^PWfWifeWu *f 
M £#& fTSl!lSW , fcH □ *»£?&, « 

Ac AfflEi3jtb7*^JMWA4TA1t^W^*B I lll 

f ^ ItlA , A ^: Mii?iJ AP W 

»| g ( B » i $(0 AAiiaTffi ^ AAir-ttl : 

i=v/2n ik 

i£AA7, v JijSjg, k ,«In / MM p ^®*R4n A AE 

Efel A# ®#AAA0^.4jt$^A “^40S^4^P^il” (Helmholtz resonator ) 0 1iE 



15 6-2 


[2] jf ■ ##{#**>, “tlA###^ft&A”,1958 *m*.,# 11 IE 
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iiwat M 7 KM#im ) &-#&»„ 

11=73 ^ Jj^ 


“/MS” (MediafllMflKaji: iiii/hM 

SS^^./MS^TOo &H, 

&-^mim^m.-Bc-p, 
, ffc^rf imm^h , \>mm 
js/iw^Eo mm : &^HMteWffift%frffiM^xcmmmimm 0 mm& 

“mj§” (Velocity of sound ),g|M?f#fl| WM o ^/MSfiM^, RM3£ 

v - ( 331.4+0.6c)7fc/#(c = MFc'fiM 'C )) 
fg$n^^l 5 'CjlJ: 

v = ( 331.4+0.6 x 15 )?K:/fb =340.4^/# 

i+Jf+gfiStHSL 


* 6-1 


/i- ® 

iiitt*/#) 

15 t ) 

340 

( lOOt ) 

405 

•$ 7 )C( 15 t) 

1481 

Myk( ist) 

1500 


3100 

fi* 

3500 

IB# 

5150 

mm 

5200 


** 6-1 #^ 340 * / #; 
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| ia ffl/SS SW&SPWfc l 


WiSJtMt*, 5200 A / fj> 0 A- 

mh±, ij a. «/f 

M!k&FW£ffiTfr&. 


is? p&smz 


“&" (Wave) ^ftMiftit{ 7 , STOA»S£ “W AA: iia©S WMiftfrAIA 

$gflrt, W A zlA, ii&ttttOTE&iS, EfeMftJ,, TOMTITS 

TM 0 i 7 lAS#ijM^A* 7 PBAo 

mmm “$r 

sJj«, 

iinmK^r (sound 

wave), KlJJIA— 20-20000 

“ 7 r n A^”,te 7 jibf ; 6 llK^®# (Infrasound 

wave),iSi 7 ltk?Ell]&tl^)'ifel^ (Ultrasonic wave ) 0 


O 




,i'S'XoJA/bUti®( Transverse wave) AltAi® (Longitudinal wave) jSjfA 

“®t®" , AlT AM 

A AlntfM^T, in® 6 - 3177 , j ®93 x 
A I&I ityfria, MT M A A y AIfO± 

T ^j o IS 6-3 

f^SMtEfe „ itM^aAlflff, H rfn tilMMvk 
“«”,^taA®lSfelSiWfiliiAfS]A'MWf : tSA^ti^o in® 6 - 4177 : Ar'fXM 
AbBA, «A?AjS 7 ,:Mifu Jo M 3 j , T AGASSI, da lit fRattr ft 1 #, A^T, A® It Aj 


_ Y «.^- 4 Mft 


Afaffi-iio 

li TSMWATOS 7 MAM W $fe£ 

ait “JAMA 


V/-V»VAV«l<[>»«l»WW»VAVlHlll 

VAv\»VW. ‘1 — ll» M»>MV*»VAM l l H • 
VAV«WW***'l«W.l\»v.v l ««M 

V,V\#WVV»»^',lll#VVU\*VvW#««*** 




>•; 


V 


■ AfiMAitAA 

■ A 


IS 6-4 ^>i##AtS 
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m^-marn , t^j&ftis So 

. mm^^srn, , 

SrSlSjSfcf'I'P'i’ “’/Sbix” (Wave length) 0 

“^”o 

n'iirffefl'l; 

fi^Sbb^^o 

m E&^Hsa, ®^#Wiis®fieEfcb, 

X=v/f 

*TMTM^-^E^I^a,SP340^; / 0)J^§a±IteM,Sf(W^I^ 

a 1 $)®^440fM, E 

^im"FMA540^ / tb.IPdfeit# a 1 ®/j£-fe =340/440 = 0.8 (^ ), 

1"®%1IWI1 : @fiEWM^Sl]3i6t]^W^'^DLlf^ “'/fetr (Wave front), 

>LW “W s£ ‘“«®”o &«£¥®(Wl| “TOsT,“M/To 

b® , i . h®^t 


at* 



;£t> 


§rW^&^ft®ii@4 3 W^OTttM: 

s&m#Jn,,ss^^o ijfflft-isoi&fTjJt 
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I bMis | 




mmuMm^fomnto e^§ 

mmten* 

WA,»Mfc/b=/i-/2 o bbip,^®^SiJ^44oM^P44i^K)M^teP-^f0] 

441-440=1 (tt) Q 

^ ft (Sauveur, 1653-1716 ) ft 170025:24 ft&JRL^flfe 

^,im^4,«tmi iooa^,fKM«M%« 0 

H.JxJttt 

ftMt a, RAmM , Aim^ra 

titfto Ss£^p3i!feKSIf^l#( Reflection)o $P|S 6-6 Jj^, AW 

ft A At^ft K tffif i££il;zl0] frtlft ft ft 

® 6 - 6 

& ft ^SfeS^Sfc 

-mm 

A,^Arrn^±M^^A&mAxmmmni± L Atii^mm&mmA^a wa«js 

ra.wwtt 

wftw^^i^ra 0 As^it <jm, Am^mmmmmm&mmMRA%im, 

x%m AmmxR^Ammmmmjt^\>xmTWA 

Aim-. 

sin i 1 vi 
sin ii ~ V2 

/.^Ai^ft jpa 
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I I 

vi i+; v, 2 ^ Mi£( in 

[S 6-7 ffiOk ) 0 

W m It UT. f^wfrffi ffi IWJ. (M *B frffi. ft &&, JESS. 

n n n Alt'll ft ?]< >!*#*( 1999^6 f] 3 ) : &^Sft*SPftiiI1§4 ] W 

wcmtK'P 

ffift$t$£t®+( ^H-7K—&H ), & 0 W, H 

ii / MWfeft^fc,Ki]Jt*T^ffi&Sft£fl2fc£ 

7fe»£ftffiE^fi, f£$£ftg#»( wmm ) 3^7I&£0tSc 9 

ft if it fi 1 + ii SI : ^Tifi #HM£!Mrf, as #5t tit, 
xf9^^, gp«tt«i+ii?ijp$5it/M, mmmtm&m , #» 

Ef^tf ]5ffMMtft3&fi( Ed 6-8 )o 

A W / \"ife:M l £.L& Wife., ^I'HlrC^-a. 

atiffiiWTW 

+ &tc , is«t & s # i*ijri* ; WTk&ftta w-, , 

s-e. iwwmi . ^^TjtbitSo 




IS 6-7 ;W/f 
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^At> 




\ / 
V / 


iS 6-9 


W**M, Standing wave )o mu, 

« 0 ®B®i£g+ 

mmim 

^M^MmP^JM.iiLMMiSii'fM^], UteiRiA;^ p P '$LWL , iUffifiTl '-fehSP ih ®Sfj£hP P 

$fT?o frffl 6-9 )„ 

ffip V^tm. ,KS&WtP “me”,&7^>±- -&•£. ^CJffigJfSilTFzktt,Pl@7X®^_h 

^aa/X® * □ i«tss , m □ ?wm 

M, «tX® W±Af-, 7X®»u »^PP “mfc" 



OB OIB - 


v )f 

f. 


-.itws 

1842^, £ -f-Hl (C.DoppIer, 1803-1853 ) 

M9bhKm^±mmjm^m^■. ? 

W. , ^Af-®, ^/aXKt 

^ttia&trfoPWfe, suM^im 

BPffiS 

^3£) 

tb^, , §P AScflm# 

&m.m&mmmk ,^riiisfc#ji5si^«ffto ahw 

5X'($Xb55,^.^X® " (Doppler effect) 0 

0 ®AAi&E|c±W-ftllS^ 
»:)fc, MWlntlSt@5iitf. J31 J»«); 4oIl#|^ 
fMM*SSM, H!iJ)iiP!iJiiJ^lR]MW^#^( )„ 

, f iaa*#+„ m 


is 6-io 
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| |jiTx* WftpftftSSSb I 

• #^(David Cossin ) 0 

A iAtiMiMoT® 

$T^: 

i AW«fS5rt£M—t A 

££iSfti, 

mam* mmw,&^mm,m&w 

mm 

fe , M7f^o n p + —^RTt^.a 


iHi 
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4. t4«|fl:|||? «^«*-0*ni? 

s. M5ii+» “«k^h” 

7. “#&” -*? “«” i^EgiJM^? 

8. MWa v ^»;&? 

9. 

10. tBiRi “£#$?&&” 
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m-v 

Musical sound), ^ 

“^” (TonejEgij^.H^^^ffiMffl^ajs 
A A3rg\ WWM±inPlE@iJ« «4)TF&ift^a*,»E^i£ 

«W£xra@WTWtk,?wtH 

tS^M, “Ab 1 ” WS!Xbk “h 1 '&'^'WA#?SHM^So 

», ahsa^a^msa “a#", 

» c AA,MAAA«A^AAfnA^^E^^^A^^5,fai!JTiia«^[fe^ 

#&-$■( O.Messian, 1908-1992 ) il, 

A #: &( K.Stokhausen,1928-2007 ), X^laS^W^Effl-f/ 1 "A5 l J%A^(f /1 pnn(^^M 
I »)ftAWSBil^f^p°n<»); ffiilJTHHMi^AAOohn Cage, 1912-1992 ),fifflJUS& 

#^p n p«4'33"» mnifsijWR^gaam^iiw^® 

M±E^i4A-fAo 

o 


3§:It> 

“^” *n “M^W" SAHo 

"^feeF” (Pure tone), “loa” (Complex tone), 
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re 


, ntembtuskfo \/2 a^uaw^m ( jal® i- 1 \ 




1/3 1/4 4MM& 



7-1 


TO®»£nifct, , ## 

, fiJisa-jt w?aaiM 

g lu*#fflijffl 





e?SSSg>£rSxS 




® 7-2 m\ j^is^t® 


M rU&±fc JH ft fc^j&IS. i&iH£&*HfeiP^mtPA-t 


ft 4«^£^f§, , RM3t+ ft-1", #te2£ttiIE3£&jSiifi. gp^ 




&&^3£ft 1/2 a/3,1/4 sb, , ^faWMT&‘£fiPa-ft& 

AflffiJfcEWffiftWX, ft Wfl, IWKJiiM, 5>ia 

»fttkS^1sfi§, A^«^IiJ5>M^ft«. Srffitil^m . •£&* ft ^ 

M^stt ft ft Iti#, fi oTM;W—MzMFliraft^, IP 

^±ft^rfn&W^fe±ftESiJ 0 &te,f^ft^ft^fe^»JI#«t 4 c IE 0 A 

initk, &yT&‘Cmm&k,, ammmm^ 
&±m%-o ^mmMm "mmm^" “a^h^ot” “Aii'i'M^is" m 

a±, mmmmt an« nm = ft»nt u 

/ft^lftiAiRo 
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— “&Er ”(Partial tone) 0 M-^P “M 1 ”, 

IWIB-tXl^y^ “Usef” (Fundamental tone),^'b“I? 2 ^ et’\ 
"W-Sfyei'’ ( Upper partials ) 0 

, m , sn&sm, mm* 

fa* “£^” (Overtones) sT*fg^” ; XH*S»g#^*tb&*mt “itW” 

( Harmonics ) 0 S^fa* “M 1 tt^”, “H 2 itff” 3 lt#”^ 0 

mfeftm, -4>w" “s#” “{§#” *d “ii^” 

^ o XaVTi/lf? '^efc 


3. fash .gifp] “St" 


4. ig^f: 




lit 


ngffifc Hitkinm^mpj -m 1 *& -m 1 h 


f±c^’’ 


( l' 1 Overtone“^2®^” ( 2 nd Harmonics)s£“tj!2 ^e?" ( 2 nd Partials); rfn“H2feE=f' 

sg -m 2 im-" , m 3 m^" m -m 3 m-" , ft<itb»c 


BirMjgg 

r+W5>«5>, 










X33. 


i#fti1f5k 




fi, rfoM MSXmfeg WtitifcT, £Hi «*J^M*^l£1^*tft &. %M , 

s^wwwjss^ 


E (Ei), 43 . 6100 IM.iTA^iooi 
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I bWSI | 

®SSIW#S^^a5t6gS#,tf5S5feSm-^£#4 

), 0rF5 AflT^WP^Uaigg^iJS^WWBSo 

^, nmwim , awx &, isjs&g ±a ft- 

m&g( x 

mmmmnxxx, 

# JPMUE “-WjRW” TOo ^JlSiHffi^^ffl^So 

serine 

3tE^#&iis^ii«)«®, M^mm,wt^m&imm:o 


;0t SS5iJ-§*» 


“fi^lj" (Serial of overtone a£ overtones ) c ^-ZllJ 

“iIIeIW’ (Harmonics) 0 

iff|J 7-1 — 

J^-g->£-g--► . ^ a «: ife = 

y ± ^ ■ --- .. 

1 2 3 45 6789 10 11 

it$l7-i ig^Jl^/M^a c ^$#,^Mjqn tgf,SlgtftS^Sa#«lli( 

aa^t/f ±®t@#?ij mm , = 

, SB 2 ^rn 3 -^g^ISl^feM, m 3 ^*4 Ah®, |t/a 

2. &m 1 g#*5»*»^3$#h,SS3.^7-^g^iil^M^S7V^^o 

m, ) &mmmBmxx:^x-n , j^- 
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I n-tm I 

,Miimffl m ,sp-gw-^ii, 

0j7-iig^JSP#,M«Etm«££o 

jks , %-&nzm wsa^ifi-tfew, ww^sjis^a *g#s, 
=&&?!»« ,SM. , ^¥„ 

g^M &&2.M , mfm&&p? : gm ewh^ 

I^IS^st^/t/ "*®j]||” ( Spectrum) b!£ “^iH” ( Spectrum of sound ) 0 

,i$fvii$tgB SI 7-3, Hl7-4j5T^;^;Mf4 1 ^^^;^®i : i^J^ , Ji : -o 




is7-3 is7-4 

±@a 7 -$, ® 7-4 

Mn&&; lg^BP^MfafifcME 

&± ,, mmmxm 4 

«# , ■-jftffi m . sfrf ft £&, ,/J» 

tm , BP 1:2:3:4.&&#g 
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»?cmmm . mtmm fcgw wfe&ftoim&^o 

m&mmsAP mmmmA 

tnm#^-^i'5]MJi, nmmAmm^i£M 7 Am^m^m?M , -«a^^tn- 
y N£Mffim wts^ij im, 0 it^o R^it 7 6^- 

“t*;w 

I^Z “M”o 

ffls^-sfc&T^Tig 

iS^^!lW^o ilE^^sa, ^#et)S#^S7«lfebbms», P Wfe3fe#*?n 

gKK i]„ w 
, «fJ7 n n m*I 

«m*ii}gfc7J£«7o 
i &tSr#, ^77, 

§ji£i “ii^iJ” im , {B#*tli$pJ£SP^ 

±±,ito^®]gffiM/ii^±^it^^s+,M^^fij“®^ij” mm&c mmk%. 




4Mfr*Uj tf, °Jf fe && itj «t W &¥} , pl l flfc ‘ £ -I- ’ o *» «.-*-&. 'J'*^.,—# Rfl 
^aSr^sftS^-^M-q-vXJS.tb^-8-o JLW.^fifc 

‘^i’o 


[i] cat^jfsSSflf^iksxAR^iBJRtt 19904am,tr i~ 2 jr 
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I si-fc* i 

“m&&&mr wmrmm 

<t.rfn 777AiYf^ifJ/txjMI?^" fflM777aAtPte7A^ft^AgA 

zmzmrnm. u H n Ami&iAir wa 
¥<jmMi “iiir m$L%m **? aaajpaasiaaa az^Ji ‘raamjw, 

^&&i®£AMSA,np® ‘feW’”; s:;AliL\iAff AA A,£$£<!»*j“M." 7MBMZS&“A” 

a 7Awstffi„ em ^ rai, sfefttiitiifptffi#, mm% 
^EWiit‘i'fe4 : J#^#ttM(BP V’AMAAAAtA?**: ),SP 

S7i7,AA7 “PJTfiA^Aift 
HAP^irSt 

PXA,^7*tJ*M7#7fP7ll^#7AAMAA^;ta7,WSf7»fat^SAA^ 
, nm^mwmm AA^itu a A*i^7—-met a e , sa a 

sawieasajaiaaaia mmnmmM^ ‘W7iia-777M,7»Tfpft 
MSS7 W ,£A7 “iiS& : K)MfliJt4” 

MtfeiiAtsgfio ipjMji, 

-7‘WA#0i!S”(RAWiA? (whitenoise)W^'J7AiR07 o 

A^AJiAX^AA-fAlT^A “6” “7A” A#A7Plt&##l§7 

S^7AR7IWl( 2 o~ 2 oooo JM) AA^AWJSAM^M^o “M 

Mil” K—®ttJtR7t3*lH^7* '7ffi^^jf77iA#A#77«7A770AS^e^^ 
St, ME AUSt^M7 AiUTTM, AWA^APJJA^I 65tlit, Hitb 

XitAtMARJlffA^AiTA KfAA-Jl^AWSiARJS'JA#*st X AMS! A 7 At#□ fl^ 

A , as AWf nlffttlittA® W—SS AM7 0 

TffiRJ#H7WftAt7AMMt-7£Pia7#^, &#^AiIPJ fi ® 7-5 ,® 7-6, 


[1] (Jl^iXifi?P*)X#iT®,S^-fPAa#19977^,«160ni o 

[2] ““l-t” if “ l 2 3 4 f7" AiXifRAXaJAfiAAftJfl 7lf 77t A” AAS # ±7li;itj,Aoif^i 

*i®t $ « J# Afcffi ; “ t A” fj A A t , # ib a* a f t #7 A 1 40 7 € 7 + o 

[3] $.hm 

[4] tP %P^M Hk$hmi #fL7iM ft« *ifcJMB«, 
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I m-trn I 


tm&m , ^mxwzsmtwTKm -. 

^ i -.2 *a . 

4. . m 

“Wl -m^" i",LaESiJS15Sm^SWWEliSt^t^o 

Et^ic Mt^u: 

wi*m % ^& , mi^.n-mm , 

^ GLtMf. : 

*>«41 ftA^-S-.^lflfc“*-*■" ; 4MN-a!&*Att-fr,«| 

fit “-f>-a-M-g-” ; f&-;itm *%-$-&,■&&#-*■a MStf $■, ^«t “*-$-”„ 

jb , fe'rn 

, ?cvfe|t£^&e# dW^HifS JP 

was, *h= %-Mm&. wt&hkjcmmpfomm ; jitw- 

mihmmmmummm ^. : ut&us 

m\m, . wsk^wt^mm .&-«, 

ai#Man^ssffeKsw 0 

mftmxm * na&n: mmm, : mm\mm£M 

[1] *%##*: <ft**3S),ARi**mEttl979 4a,tl98]ir o 
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%-p mn^, 'mm&£Mz.M&o 1^1*^*1211®^®**^ 
n,%M\>m±.mmwm awwm mm* , mum SEftiRgfeM,w mm&m 

ra## , imm-^p tm&mm , ^ft w###, m±mi 

, K^&^ftttfMffiE. mtu , /hiPp^Eft m 
.. W,ffnS#^^}t^IE^iJSiJ/jNji^ft 

,in , Af]Sfc#tfc5&fefe®fr53#« ft D t^ 

^^,tu±^,M:P^^-^^^,mm^mn±ikiKM^^MMo sit, 

^ #i&, &mm 
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I fg-t* I 


i. “£fc=^”? tnMtWFMl 

3. , We#ffD S 

4 . M+Ai 

5. ^«giJ? 

6. mmmmminjm^mmm& immimo 

7. itaMffi? 
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vmTl 

I ! 



m-v 

Afsm,=t am a a ? m ftzjgmgi , 

M®£#t»»? mm ,, WL AXIS 

“§?lit§r A±A,A£#A£nAt£AAfflT, AAM££ 

M ^ AMM^ImiM AXMM^X ATHMXffi: 

A ^ h AM Ki@, SI5 Ah 1 ^S® W A ffl, M 

,l*^Slgt«»Il^iitf a Win , ^ 

M^AfeiaXM,tilflrBA ^\Uf^M^WMmW& a fiA'AAWi^SillltXA, 

9TJSPJfi^-> A Ar!-®iiA ,l 'l 1XM;)XA" A'A A- $AfX4 A4?MMXS!iiifi£MXffl“ 

f^ne^A-MigAa “Kwmmmm" “am-m^ma^st 

mm a , iwi^wgo 

“^AM” (Musicology)^“B^AXAaffM^WitaitAf4WA^”A 
^X-.'M -1A' lie: M^#A#( Historical musicology)- XIIWIAej XffiMf)4AMJIAAfl 


[1] #i^±iS: “#^r , '«IA f A^^)3s®*ttl998 AM» 


96 



| HA* | 

ft ^(Systematic musicology) -AlcW^&f'f^ilf 

X/WA2AW A^(Ethnomusicology) -XicSffH^fP 

f^Alf A o 

%m±m ,M4^xmxHA?xM2AA#MX, , 

# fc fb^fe #>] tM A, sfcirft—■$fcfe Mft S A^Jo 

4-a, , attain# 

M&OT J^WO, 

.itM ,W§0it»4W*iS^;’ fe vik 0 JAf4ffl±i#,M?XXegf&A^ 

, ?^X AM WfiMXfP„ 

«:c£ AM®t, S&fMi&fcW, , &mmt& 

, m a^aa® 

Mo lffiM«W5]ia.l5]® 

mmmmik,jzmmi&&^\>i u *%um%" xAm 

A*M, AAMT AM#M WMtto 

tfeAA^WAUfe^AA^^Mft^Xf^c «b , AiiWm 

2 a „ 
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fflEi+^7LfiM^iM(jAL®«-i a,b fifefiBy7fB& ) l 4 it&SUM® .S^BtSTril 

mpmmi£&, ffiSBE 


(a) 

(b) 

ffl 8-1 (a)f|f#I^ (b)%mk±Mfr 

® $mM^m a s mm , gp Tjj^m^’ x m&mm . An 

vm?-m&n > 31 “w 

"mm" 

1031-1095 )fe{W(%s£Xk)^^M- 

P % , Mfc* t ffl 4Lo &&&£.£■, P P *, #&A>?2±, Jt4,& s*, J>JMAg;, 

4fcSMp;F^« HI 



[3] (®if • Mi 132 124 IXCIo 

[4] ■ #*$ • ft #4 
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| HA* | 

■;£&& « mm &»a xmm ■. m & A &= f&m 

im i:, , mtMim , . s#, wtkm ^ t±AiR 

«£*^WS[5&3£gS. , ffiSA 17 ffiiBftA^ A$iA “« 

m" %MAi£Jp fc( William Noble) A A 7 4A Thomas Pigott) <5; 17 t 

111 >*#MA««K]AWi5f-t^?l5S^^BlS], A A 5 mm 
m m vx tmAmmwm 

msmmmm , mmA &#-&( c \ iiadni , 1755-1827) m 

mm affls-2 ) 0 

fteiWJATtEI'AAKAAlgAWAilo 1866ARl#(Kundt. 1839-1894 ) 



ffl 8-2 


A@l6 A®, #SIJM#—it ”t (Joseph Fourier, 1768-1830 ) £ 18 tft 

SE^7- > Mftfrfi5fcJSfe: fifnl-71^fflMAi, AitXA^Ag^,fPAH 
iAA»A “flSS&f-MT. ^A0^SirA^«WiSitiil^liA^maitMA±^ o 

f§ffi#^AA-4f iff #( Helmholtz, 1821-1894 )A^}Ell;1iif^tB7^HjMSi:,f-feiSifEtc 

4AW*n^s7PI^JfA^A^SMf5A Kffl7'St@^WiIJMAi ; il?#7 “ft" Wfn 

ift A20 M, ftfeg§( Oscillograph) ffH A~AS(ftlM, * 

itug,mvt- 

tIAc 

tlAArfolC. A AiiHA AW Al^'7*iJ*ftA±-A A7^® A/K¥, MAi AC'eATi; 


[1] cm# • A#£: «4l/S# : t»,«(.^m#,r'WiJi?i l E:7c^tij)Ktt 2002 7^,t 103 lo 
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ffiCTo JO &( 1891-1934) £&- 

mr (BP4¥iB^),^+ai2Xi=feEs.if-AgW ‘W 

«»MAy0o 

M1983 121 o 

20M80W+« 

a, a i apj»r& 131 ,a a^^mitt^ 

AA0+«0^tAo mmfmm^R,m%WLMftJBfflMth^mmmfmmm&mM 

“a m^fcWfmr ^mmmfmmr tPtsiis^" mm,&mMm 

IE? m&ptmwmm 

Mfe ft , # AWfJM 1 , HA l'5MM*^ 

MXMMIg 0 MtfPfe AM?g , SXfKf X^XftMI:. 
i a Et3T^ , A jtbW&ffig:A mm 

M&Ws£S±#, t&M® S ^J5> AMA^ : 


[1] #J£: (B^£&ft>>($±X*+#*),JLit#iiAtt 1924 A&o 

[2] (ik!%W&Wf£tfl#Pl),( J t%¥*159f%>,1985 %- %2%; {4 

#^*«lt#9F!K>,<J:*»*>1996## 2 #| a 

[3] B&K2032 «Hit FFT fc&frVhtc 
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| If A* I 


ff mm, \>x&mmm\\ mm a & & A-^n^a m ^pmmmmm . 

iMiwfiXMA# a# A±*t a#& 4», W'li'SW^ ,t^ n n n aii 

afrg«® mmn , ma/t*^x^i 4 &pj, , \>x 

s- 1 ; 


* 8-1 ^jaMwaJMs 


s 

5iii 

'14 

III 

* 


iif«aMi: MM® ,^as ^©JWSflft 

^XSifiiX^W^fftMil: : iittMzj] AiHxffifeA: *X£$^Sfi&ti®!® 

M^mm 

Ik 

m 

'(4 

m 

ft 

)!tSlp§n D n iKii: MAglM/t,#5i 


ipJrWfiBA'H] ^^j^jawSBIfi 

AiMlif AX^LXXnniMlJIt: M4rfibfSSli&ilrixIBIrPfttttt'JittAWSM 

^te 1 A ; sPi^$ l Jan&t)® i Ji: M4 CD BIX ef A^MeftPftMJk&iTMt 


50 *P 


H W 


m i>M^a n n ^mmmn , ^s±nim^fflfn^^N@o 

maAM, mim-mmm. 

--£& OK” ^,$ 5 I:£MA*X 4 T 3 ht 0 HiA,i*i?XXX n M 

swxM*^$i&®utemmAo & “fiitt" mm.n 
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&«i, ).AmtmmBc h^&S/^sji 

, m\>x „ ww 

iA«T 0 , MMffi®|-#Mf«il, imm\>XfB^-mm . fife Aill 

A-^gfita ^p a n^U:Ag'M,A^Jim5ifa±±^“PAAAA”o 

$¥Ai*Af6M 0 

“i? @s”affspfe^ 0 mwFr&ft , 

(—) 3BWT STvW^W 

E|^Ap a p±ilffi) li»»/fMljftlT 3 p if b 1 
, -fe AUBJ^A 25 TOA , MAoHM 0.3-0.65 #( *f 250-4000 M£ 
»?eB1Ms ) 2M ,AA25% 0 , A0J!S^fe( 

¥l )WMt ,fAc"# A>J^A355>M,AB^S® A d AM?M^iS&2<)~22^AI® 
Mgffi50%~75% Al'0]o 

Wte, -mz$e.PM i A£h A 70-90 $>W( a vttx), ^fA^#MAp a p!)#ttrfuSEo 

(Z) i!lo/rAm^Simff75^ 

AAA®mfftAM,-|»W>»*sT^AfolfP^iR^AAo A 
f£Ai#A'A-»5AA±o MtJffAM*^fg^H¥»M^,AHttSiJft^Pfeilk^niR 
ttKftAo 

^A*^fep n p, ®im s i*is 

#-1^, ) ^/5, Agp^wm^tbg,^ 

^FI-5E0AiIM—.ismWTOA a po ®feSJ 

CH)W^73?A 

AWtfiAS&rAtMJi,inf5im¥5>a^A4i^SiJi?fAM&Dillltto fifffl 
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I mam ttp^rnm I 


, fswfAMm 

miEC (SP*^ 

ism^ ) msc Mm^m-^smfMM^immR ,s»x*w 0 

ffl , BPft±55K5Ftm, tE.-^<mm ft (), #5*-#*#*!P 

usi? 

;A ^ 0 #5fc,#&J^J^JgWTO?ISH—jfe^ 20 ~ 200 ooife£,H]@niW “WMSHMPA 
iUitt^^CfBrP i5lMI0fnii^(®ii 30000 ^^ 5 ) ;M:;A, 

e&t , Hjfc, (^gijtewaofi^' 

M)G^g:>i<llfSift&5 0 

, &Ti£&M5 ft: 

— #1 

, s^jk Recorder iffbtiA^g^o 

Mr„ ft#, &&&&%& 

i& . *»&« ft JiPAT JL^»fJlftttM!t# .- 

(-)WD(qlSZ 

gi^n[n]/^Z( Frequency response) jfif&i#, gfc^^ : a :: ( ; JltB5K^i , Jfr5i^'fK ; a fizlllo 

ioo~ioooo 

20-20000 4M 0 

ffl$(Wow and flutter 

2Bf?£ 0.06% (WRMS) PTFo 
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(=)«tfc 

f(Signal/Noise)tfj T§f®fs^^^)t£ ,I Jil^Wfcb♦, 'if 01 ( dB) 

, mm±m&o 70dB a± , dat ) ^f=# 

bhJBUMii 90dB o 

MicrophoneffeJ&ET 5X^#5?F3 l 

mm mm , , -*&* 20-20000 %m . m 

s& , mmm a« 

7K#£§§(Oscillograph) H—,5ft^er^Jilrr5^til0’t 

n^mm^o ^^Mnws^w±,7ic¥$4M,T:w^N-rH]( 

4ra^ 0 isii^^ , 
m^, imx&fcimtm i m E^&m 0 

Audio generator) 5JlXl/ iz; ^. : H'®?Ell|pb] : §-f4 l '®^x^-f t f 3 S5^K]^' ; Hfa'Vx 

#frffl*o 


$&%( Rker), m&&$L - ijmwim w 

7j M$k\il-t &5 ^ WxLG&m'^ o 

is H£{)^(Electronic tuner) “Mlili=r:5H Cent) 

ft a a&# a ifr#fflw, mm-^mmmm^ 

gfcgMf(5i5fe#,iu« 

wmm, mmmm , «§; - . mum^mw , 
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|HA* I 

sm &&& , mmx=mii , 

(*&*&6£iitf§5£ ^fS Mfilo 

-tMMif 

if (Frequency counter)^—'fAffzh eN?SI$$!!Ko Afi 

mmvc, , 

m %&*&%&&&( Hz) , wiffio 

^$Hf ( Sound level meter) a 1 ®® SS/Tv^-iilJE^CQ(dB ) 0 if 

-Mtaw^nwifMfe, pmtxmizm&ir 
mm^mm , mmtc tm» 

xMmftmvL 

®tf f>lf f^(Spectrum analyzer) H—f+ffliliiK.flf"*if 6f X0i$.^ 

MMtE 20-20000 

wttifiGg ms. fffi Am.-mm-mwmmr-mm^ *f^f iff #3ta&, «- 

mm£MmmMmm^mm.mfrm 0 mtu,^ 

f-, ifcflf, ifSmifJMA«*B ^ I 

,^^(f§^2496 ) 0 

t£,*f lii»ttlT«, WSttiafr 

t-.M/m 

Ploter/Printer) gflff ffl, 

ftAA^sy^Tenif^o 
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SJffiio $n^M7i§s«*K) RrMiAir ,7ffl 

u mmr ••msg'it,# 

A &o 

wr tmzft, --mmmmm^pmmmjzm^jip, $n □ mm . 

fSIWSff pn=FMM .ItffiM. TO#f ) 

^ , ti - 


;Ai? ^pmmmw^mmo 


x ^mm r m , z 

SMmsitag^, , -mw%^mm»mw* rmm 

wMstc «$p ,%.$mmmi£mm g 

£i*#tft/£T, 

MgiA*E-W,fi0T#fiJ^^a7WM#.^,@^S^2|s:^^ft±^fnE^3QT7^ 

AMffiMo 

c mm , s*i$e#H; 

, ^rPFflSfcfit-. 7 
ift, SMjS/XS:: ttj 
, mm*im “HMtr ^^7 -nt-tr, m 
r.m>m, scto-&im &#*, s &&* h^m 

7-«Mtto iAtMptT'Ai#* “*«” M^*t “£®te”. 

g ii^i 
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I 1!| 

, mum 

= «x*a*i+, 

m^m ifpWTffi,Mifr®& jaigfe&o sttjtb. n ^e# 

, iu^mm^mmm^ xt^jMtgj&frx?.®, mi'& 

Pi 24 ffi[ /96K PLhft 

f m)o fs,g 

BU( 2013^ ) &rni&Vt&& 2<XX)7CPJU*3, Ej£^&IfP^ffli£& 0 tfcJffif^SI&ffiiiE 

&&m ±mii.Mrfn nis • 

i. M%.m\ □ mm&m, 

iS[n}a 

^g§ 0 

iiE^#4fe^iiJSfek¥. 

#T*:ga^nm w^jk. um *&, = 

1. Record level,SPip:AfJliSfa^ hT& lAXScnilX e? fiT^I" 

WMni^, fcsfcfcfclB mi, 
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I ia I 


3. 

,#3itfL&£ e&JETIW^M g«glc fcgfcSfgWAM^W&S 

, ftxmgjLit&mmjctt , &mm{ » jb &» mmM. >&mi, 

(^IB^^ez PiBmWjmiW: 

(1 )wm%L-, 

( 2 ) f^Xff^ltf [1 MMuimim; 

(3) sk^mmmwmm; 

(4) )^tsysjg,i^w 

lJi'6l > g Mi® ; 

(5) ^mAtm; 

(6) f^\7j5£; 

(7) ftAM; 

( 8 ) &fls$Fffr 8 

zMmMm 

#!ft{%3 WIMKiJo ifife, &fltoSR!J* S W □ 

$m , Mala]®, wmt m 

pm-t; 53ijRtii®ffl®it 

\m . imt t^souKBcig ftftffltm “x+Mtr „ 

A. MM ft « 

mm, AKwax^witgin^iit^,ss 
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I HA* 


1. fnwiia. 

laiSSSl]^0.3-0.65 m *t250-40003 ) 2M , fj^jt^Af 25%o 

2 . fi #^ 0 IWtf&m 

3. 7^f#iIEf!iliJl:MS,Mai^±IW^J^ii5Zffi2n~25 < C^fH],^^/M^S 
50%~75% ^I'eOo 

-kM*Km%kftyk¥ 

1. 

2 . ,ttSI 0 

4 . fmmmBmmmmmo 

5 . mmmmMmmmi* 

6 . 

T^iJrt#: 

1. «-MIEiMS BWJ,t)i 

2 . mm^i 

3. 

4. ?fJaf^^(^P^:il!lJml#A^^: ; H$ l Jpn,i$lS / Elffi^;^i5 : §-); 

5 . mmmm mmxmmm&mtiM), 

8 . ) ; 
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9 . 

in. iIAwl?o 

S#{£#, 

iiiMi, -. 

l. g##f, iWttWM J3-&S 

^„ wo, >t*#9feft»®Fftrfnw, , la 

o «fMS4>,*E^H&^itGi§IM^ifo 

«&5iic ma , 
froFftK 
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| USA* | 


3. “±i»” ^^MmrnAm.mwmM^’! 

5. f^'t'AiA^W't'RMM^l;^? 


Ill 







AfnMM^g m^&mi&m^mrrfrm,\>x^^m.m 
^r , wmuwRmft^ft, h ^^im^aKtwffis 

, MWA>m&nAJ£fa&®» 

1. mm*,mr-R.m^mito 

r >«£, m-MmiMi&m-Mzhtt-m\& j&f&tmfa&m* 

2 . mm*,mmm2ffim^mifco tsm^wRMmfowmMmmxm# 


Wnl$ ,JM£3F, JP^t®*^f^i»ffliD- 

ft —ftuM, , m^mm^ , mm ws¥, mmzm. 

m , £jaij*a#^2^a tw* mmmwM.$t . , \mm 

. Wit© f*( ),jg*&fls:( SIWiMI ) > itB^( am) TO 

SitM( nB^ISMM^TOA), 
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mm -mmm 0 -m§, , 

MMJt; 

mm^m^mmmm±,mk^mu^ 0 my- a-/i^7£»^ 
,mm^a*%e&.$k$MWfa .&&£S3c&&s£ 0 ®*n, 
^m±it)n-ffi-s3w«,iia±ffi^M^^, ami mnmmjkm ^) 

m w &) mm&m im ) , (i^mhi. 

mummmx-fo , , - %rnmwm± , 

^^tM^I'H]KiiJ-^®f^¥ii fi.o ^r-snk®ftS, Sinttffi 

HMe) WtrtllWo 

£firm All# , PAT , as^- 

MAfH«. gp^ts,ifn7^3! 

$.r^pjsa , 
8B£&&.m£&mumivkw&^m* ,#itss 

pmim#, mm%mmm .. a&^o mawmsa:^, ttimwitawAMis 

, Hitb^MM-AAffi## A«??AfS]Mo 

t &z, ^ifeft-^a. m 

»P7t£;^AM*r, i4»rm7MA:ziIo 


fgZt> *^054^6 

t&^ws^p^^,s^/vn 0 Ara^tg 

5>U§ft: 


-,AW^fe 

raA#*m: “& &,± -$^a, ta aa’o 
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“S” 

“±” ,£^ c 
“**” , in3M3£o 

“*" f£*$iJ$j£g,$n8i( ii zhu ),»( ii yu) %, 

“IT fiffl^^flSiSg.in^^o 

“tr jgffl , wig ,H( m chi, ) m = 

£z&o f$fe, “/ir ^ISn,&ft2E#-4H5RSJiffl## 

'AW' mmm -/vr’ 

, imm-^iLmim a “ir rfn&wa^ 

“ffi” iTnlS^!)3^7 “#” n£ “tt".H* 
“IS” (^)R^«f*c 

SftdSIfW, , 0r£&& 

#$&&&&,^jsis«sh^6. 

(£n/Mi^ )Mmm( W&W )ln*&7fi(M#); @7^«T3>477kfr7^( ) In 

eecin/j'-t). g*r-hi&H#7fiws5tii±±iWit,7fi( tm 

o 

, mm, , h jfc&* mm 

ttft^4>»,ft □§£( -#fIjffl 

&«£-&§§ )>ar( -m^mmmm^mm ^) &&&*, st^fee^j±^ 
mm 4> o 20 mm *77J§, a«7 „ 
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I miim I 


= sm & 

jL*r(C.S a chs, 1881-1959 

(Chordophones), (Aerophones K‘‘f4^-j/h:§§'' (Idiophones), "(jj| 

E“i5hJt§'' (Membranophones) (Electronphones ) 0 

Mmm¥%%X9L®3§M, ¥ftk7GmJ l £ffit» ftrtS4» , tfe 

“W “W “W w “W” 

"'o 

wr s*§° 








ts®- 




■mm(inm%,im^) 
JciWfc (#0—£$, ) 

) 


KMfeiii 3 




KE^: 

*i*(inSa^gg 


: ) 


M£- 


Ifxffi- 






J bb B \ t=r 1 


WAfciMkW) 


[1] >X# ■ #£*$»*: ’ i!r**#t**lU.£Wfc,±«*i*,*fc£*tflJK 

it 1989 160 3 j 0 
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2 . SMSH 




-mi 


-JS!k(intf) 

-mk(iu^n) 


I—.Rgni. 




SI 


I— $M 


-A 1 


B W 

-SIM 


-^f(MI) 

- SiIfA(£pim) 

— W(ingS) 

— m\Mmm 

-t$m - 

-g*M(inE 4 ) 

l— %m - 

_ zmiwmmm 

—sa^jfe-— s*M(M) 
-SiM(ipn^) 


vm 


Sis 


UlMMSI 

A^SH- 


1 —Wlin/J'lifl) 
— giH(in#W9) 

— @if|(#PA^) 


3 . (A^SH 




SHUSH 


■;fefA(Mffl&) 

■ $wa ( m% ) 

■ l+'fACiPttlS) 
■#fA(inHft^) 

■mMsm&) 

- »($nA./J^) 

- mm$&&) 


AWA 


*(A 
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mmfr i 
mmm 


4.Blni^ 


itr#SI 


5. 


fmm& i 


XWAUun&) 


- nmhummk) 

- mimmk) 

- ~fer§i (£n-fet£) 


liUff^ (£pf4t£ ) 
»(£n 5 £^S£) 


SIj'C 


(iP^^flfe^! 


0 


mxm&XAk 

frmmm , , ra ainsiittfiF^aiR, 

xwnr^m - mmmmKfrm&wmo 


Et 


r ^ w, ^mnmtmm mm & & a 

IU 4 ^ & £&££-« : 
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14 Clavichord 

W3^,ffi#W*5£^^o ^I^SSf*,-Jte^3t/Vg, t&& 

izfflffi^feW i tft—iil£W&&%HM2.(B.Cristo£ori, 1655-1731 ) ftj&ilIMftlW,$IJfftiJB 

1,1 . 1709 a 

B,JL £*Mfc« 10^,'m 

a 4 a/ vra,a*,Mir 

^«SII^W# ft 46 t.(G.Silbermann), i#Mfc=fi i&HB, A 173() ^ffflJi&tB 
tT&#^-SiiXZ/5 , A 1747 ^XMOTo fi? ft46 

© ft46 ji ami*, n^tM 

mmmw-%m±m , mt#® ft 46 

#*aJRU&M$9^,BP fn “3£HAffr3m#PT D 

H Wpftj^&Jil: “IIMittif” 

, tb$*^ w 

?fn "Ztm&ffimm*” im&$mm.igjzmmmifi,&im 

»fmtg±, mmxmsm , am&immmmmmmmwm^ > £»& 

ftaftJitAo SiiDjfS® 

rm “»tk”) ma 

fSlo 


[1 ] Stanley Sadie. Afevv Grove Dictionary of Music and Musicions. Edited by Sadie. S.Lordon: Mcmillam Press, 
1980. 
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I HA* | 


rsim# ,a sKsiftsacfe +s^AiiAMA-ftTJA, («mi , 

*mg^£i§&fftb&^r* ^mPsmL&WF^&mfc-^^ w*ito ^sm 
im,tt2om-i2o^ixw±_m, * ^Mx.mm^^m" ^jim^ “77-tA^” ## 

$nr 

Mip.f ut ^ M^Tf? m w#&ss, 7 ^immm^mmmm^mmr^m^ 

SzToffe '" ^o 

S2ofr£3o7ft,Efe«xfrM “Aa7£” 

78y&£ttiWMt*« i930^ f ^p^^«iJ*«4>aS4-^K^^S,S*i40^ B 

“tils#”; ^TinaKm^ “7 

ffl” n^mtsm , ii^”,as^^T4 i 2 3 ^tss u ±&m n mim-m&m u imw n o ± 

,¥Mmw-mmm ^mw . iam 5W« ^nn ( 6 
ffli8n n n )Mm^m&&+&mffimm&&o 

0't±-/SIBSfl^S?f^(^MS§) MffMWAm JSHim.J^t&Sttlfc 
1777, (iWMM-fse M^«i#±*gKJ&fcgr i2| 0 

!949^77AK*fnM^^iiia, RMfrm&&Xftm\Ttkmmimi€tto 19537 

4 ft ,7AAi77§7£^7fflfi£7 0 

) mmm^ t , , mmmx^r 

»7^H7PA32A^»i95o77*^77^^PAW^,NH^ra7^ra7^fe 

«,ffl7^-70^fH],M7-735A^#MMm,^m7Wif^7ll3aff7^ 


[1] ±**ft«**#**fl*JK±#***>*#*4:«: <±****>,2001 *# 6 fifl],# 

296 If 

[2] <Xf : f*H***liritlH**4:HJg,>.<*1!:>-*4*,l931^jtiK, 

[3] **«: <--*&**fcttJft*>.<AR**}.1955 *#6#li 
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1954^7 n , m*t 10 n, 

#§f 7^P21 , 7£&£F7 ^^7?£o 

19557# A>!fl £f$gE 

MWM±i£it7 25 , 1956 %-p &i£i+7'£Mfl3t^. 1959 74 4£ ■«gfc^7-b?LA7fi 

® 19597 & 74 X. 
%mTsm&mmmmm$j^mm , 1 963 tt, mjf 

SfWItfe&E, I9587?fc74&i£i+73i Am£i+7S£M3££?«, 

#f &£^±i£i+7 s 1962^,^^«MJ»?fe*ftl5W; 1963 

195972 J3, 31 

^P7^*^*800A#l]n77Mi^o ^±®7WMsScM*i43iS,7ffl^^7§s 
■/^m7i677So %±w 

607ft^,^m¥Ettf7*ia^»raffi5mo flfeaeFSiJTiiB,^^^^, 

ini96i7,W^“ASfe'J'H 

%'mrnmu , 7 ^ , ,fit«M^a 

D M77HM b'7 

i9647MJSmH7-™»>«M 
&**rE3£*fl!^049,WHiSfl.ffictftS 

A.AtLAS ' 5| ^ 0 


[1] *££: 1 1 = 

[2] ±&#t43t#: < + H J t-^**4-flft***«A±>.<-S-JfJtfll>.1959#tt 1 ft. 

[3] (R^«-tfc##f-44»,1964#* 1 #. 

[4] #W&: i$ifi #1 1975 *% 2% g 

[5] #J4 (####! $[tJI>, 1972 7 -1973 4S^I. 
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1966-1976 ), Ai§&^X^S^?IJ-CT*,fl#Xfm A ‘WSM” W 

mu&wjikit-® .£4rAM&x?m 
mmtft ^urt 

m. 

20 ma 70 xtt, sam^ 1 971 «izt w & , ggfeSMo g m □ xnr sf mr^m 

umsmiMm-, i® 

?yfnx w x M^m^v iMRtm x i^+^ra&appo 

i978^paj5,-a ®,&mi 

mm-, a-x®, ,%&& 

gs&xftn.si xim%&%smm£Tffiw&& a ®X7 n, 

WAJiiiEB/3, 

mmm a 

1 981^9^, 

W93f7£S^££&2fc&&i&#a *6oXWni6AHj^7^iA)iXM^A£§iio 
®. XAfiSHX 60 XXtStk, PMST-A^c £ ®&± 

mm jm i984Xs n, axspxa^ mmisi^ss 

'Jt|gAT^HK^?£A^SXAAA,MX/SA20^JEc AXfM^^XA^M® 
®Mm7iAi6W«5£, 

m. fxi98i^HX'^K^#?i+MS9st^: ^mmxmmmmmm^sKm^m 

-mr (tti),*i^w?t 
m^mermn '\ 1932 ^,rtis»ttw«7ci» 
as »aix&sx y m , M7 wam® .%&&&%& ,®^x 
$x>xx w ax .ffiftnK m )> axs , n ,hk^a#§ 141 . imrmmm^mwAo 

1986XM 1989X, XMMftEIf 13^iHtM t iSAHAS Wtti£ AiPn APA 


[1] Bfc®t£#*R: <A#~+E*£lffr#3#*#*4|f}.<M-#ttW-&>.1975##4jJ!. 

[2] <*&*•&«*>. 1981 X*# 13 « 0 

[3] {y^*****),<**>1981#t2 3lao 

[4] fcJ&H: <£££$#*-£-*£#>,< + HI#*). 1986 A# 3 «; £M±t: <#£*Mrfc&3t#ffl 
ftfc*ft*l*dl>.C + B#*>.198**# 3 |„ 
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m\\ , is#-« , 2ofr-^^5E^/jx«, 13 , «# 

-# , ns, +asip, s> * aka^s me , ns, +aa nm , ^mn , its, * a® 


fg£fr S«l*SeKatt3»Sffl|qM 

r#ysij#^^^»'iH]®,gppAf+- 

^g aia a , mmrnAmt&mL&Tim^mm . BAmAA*A,ep “a a* . * 
ASTo "A” ftti*g§&^AS1£, “*” 

AJxl^Bt&fct “A” A “A” n^zi0lM^,^-AB,f0bbMs 
SfAa 1 2 "'= 

MAJS±i#, Af§Jl:-#£A&X H, Hjib, ^mm iSttfe—® AH 

ift^A, tMfKo AHW Afe#!E&-£. 

W AHM A± WE£ A/^AiR, HrfnA AH& &AA&AMEf A “AAA” 

iAiRiP®* “SttAfT. 

AA 1951 ^A<AKA*)^A±stA^mArAM^AfwmALWiAito MXHfAW 

m ^vFf^±, AimAA** te^imTmm mm&ji 
ffio tff^M»fS^Rft‘1#AI” 121 : 

ft-,“M^A.XBWA iPllM*ffl+-¥Wa D afi[e,WAtAAiA^-A^p a u 

feiusi/j'T, 

a mmm#^\mmikUT , js^j^sTitt^M, 

S-. “WIMAA.At# ATA”o At+ISnffi±fflii7L^MAA^A^ft^* 

iAASo AAiA^A1' / rS±^ms^f^^-SAfe,f0#ASA'fM^JP,ffiii]P»!i!'J7^ 


[1] it a*, *#4 k ai ««***«■«« * •«* .. 

[2] + {Sft+B** • ##**>.Sft'i I B!llM*t 1991 ##U 


122 





, “AfUXItA: , PS AX*'K’ o ittMAMMW , f&T£W$A*h , 

» ,£#J]fOI Wi^HB5«^ao ffi^MAiAAftl^A^Sbbeffi 

s mt, wfeRjija- m^m, , m<sm , mm^m 

mmt , 

±3£H?* “#A)T 

1954X1955^, 

ftf5]®*ff'7»MS, WSUCIJ, 

M AfslnAfAAil^gfe^”,>^A 

SAA^W&fAAA “f£#fn£«E 

Agg^KMAA” WJSRiJo 

m^mm” 'x mn, 

H'l±, lAA : 

« * n a ^ M , t a 6 n # # # ^ $(& *k--f-# m A 7 £ ^ a a „ 

tib^> + S* 

&&&#) A«f£&TtATOo *>MAfnefcR*HA^77*.#*«**'«A 
&■£- ifc it & #$fc, *p & 4. ff] A, M i&>3L if '!£%-&&JU& ATA,#iLA]fflMi± 

&l^£flWf£A,&i£-#3&AMT5 |\ 

,i^xi»»ffift!iiiinijEt>ins± x n&M 

MA “^” () fa “£” ( &&W%tJ ) OTX$A» A^«SI 20ft m&W< 


[1] #7tA*6: W, 

[ 2 ] #xj£fh <R*#^&**0.*fclBKttl962**,.#I8 3r. 

[3] *7fc^»: (Rife*#ftgLjtil>.**i!lJRttl962 ^Jllt..# 17 

[4] l§I jjE# [3] s 
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, MX^XllAXM^XiUi. ; 4 dm — 
, w&im xft&^Mm&frMim. 
^mPtXM.m-, uu^-xmmx\mmmmM^-xmktmxm£x, mwtnm 
^Mmm,mMmximxmi^xmmmmmmx 

m&mn, . &mtxxmt . 
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I %-h.n I 


mmmmm tfi&M 

2 . M \^. 

#i£'f'\AELz£h? 

tf#f!li^ a 

5. is^nMgi? \mmim° 
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m-v timssMs&tm 

m^-tm - 

% ^S^To 

st sir ^SMit. 

*, . se^ew gooo «. 

tttfjkh &*£%%&?%!&§’. « S-#, 9 X/ VJ^, m?M ±, SHOW* £ ft 

HW. S|-fc£*J£ 10 MX ^-TC/hnmTO p &, «RS >Ji£E£tM«£f§ 

mmw- , mMf^^g^iax, sp^iim 

x^.xi^x^rawffEsijo mkwmhMKmmmmmitim 

mfrmfr*s)o 

iia ^ECW^WIia.MrfnffiWJfiS^T^ 

W&tt. “W ffiJt “ir .in^SS^IS 

-«ffiT, >«£-!&»?nPilg&», H 

mm , /sXsim^xmw^gsic^wx/jNo ,-# 


[1] I *, f 1-14 ft. 
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I m+* | 


, \mm'\ 

a mw ,, m^^mm, , wAtmmmmmMm&m.j£.Mm 

#S. rfn^£g££p*&.-H 

E©~KS3fefe5io 


“JPUT f Open pipe) JetaM^ffn JP □“HU 5 ” (Closed tube)®lj 

fft^BS«± $ k sij^f &=Fim w hi , ffi 

Hitb, wite-m, 


fg(Effi 10-1 M 10-2 )o 


fl- 

o 


A Hi 


Af 


All 



df 

o 


® 10-1 



® 10-2 l 


SffKaffl-tlffiffnfeltl*®: ffl 

^±fR-f-A^ 0 

2n, 3n, 4n ®t* 3n, 5n, 7n., HMJFMTOffiWfeil 

W0RSESIJ: 
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“¥ i - m " (semkiosed tube)&g§. 


□ wta- 3 fc&, jw® tm , * fa^», mit-im 
2 m* , e ±3 , mmmm , , sp ^ , 

gpas-ifc, p^mtm ),^ m ^ mm ( o : 

f =^ am ) 


4&;#, vMFm,LMffiz 

* ±® / A v it^T#hH: , ^SfiJuEfct o 

itb^h, , m s Jt;±} , @» w & w&m 

ffi—f^a^To 

“®&” (Overblowing) 

■ M :4 VjV'<o S^hi^g^e^glll .SMPFffl— 

mi n, *-«#§ c w , mm &&( ~ m % 'mm , m^e > at mthnw ^- 

bp c , g , c >, e 1 , g > ^ 

0 , 


;zt> m 


□ is IE 


Ml JfW ) s£TO ffl®), Wm^a±)£ 

m^o , M&PfeS^-MPpa^ □ Wil&o IrI# ,MPft, 

10-3 )„ 




>&tk lL \ hi - 



ffl 10-3 f O^tffl 
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(a^^o m&t. &wm, 

“HrPfelE” ( End correction ) D “fiattj” $J$P“nP5}"3]5$tIE 

•W EPW-fcg, *ffifi?Pkfl^i&.ifcnftJFPf mmWXtitiE , ffo 

ffl^BU R^nSiDPAfelEo 

i®CT tm m^mx , ^jih %+mw 
m ), m ItljglCff Ai£®, rfn$i]«M-5^*fiM □ & 

EfnMo 

^wp&ieaajlw^o a 


-. «i@iiff2AM±l^ 


Tffi^bk^JBtf^^f?-S7^(V.MahiDon,1841~1924)tli±iWi : P ; telE^A |,| ,itl:^i'CfXit 
ffl AfgPUilft®= 

tmw p ft jE^ » r () 

jpwp^a« 2r (mmw&) 


mmmm , (smhs ft » wmc 30 ma , tig^ 2 ®* ,i«t wx#it&& 0 




f~ ^( V= ^3$- L= 'if-fe) 

w&ftmtm p imm 2 m* ) jj Dalit= 

v 34000 


531 


2(14-2) 2(30+2) 

&mg£j ^ ^+2 




[1] <##>®$ 3 $#iTJj£,A&#£!fi.)i££t 1996®®,$ 10'S 

[2] Thomas D. Rossing . The Science of Sound. Addison-Wesly, 1982: 52-53. 
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I laMJSfl I 

03WP&lE«=O.61r (rj£frfa^>.) 

7fWP«IE»=2x0.61r 

545 Ifc&.Stf/sZ&Sj#^ # c 2 -30ff5>, 

= .^awf(«Bir) 

aj»(? ~289 ),^^,mjiimk(^ 75 j^I)Ac 

#Mo AiE^c,ff#4p■AA(AA 274 A ),£jWi “ilf&JfiliE, \>XHP ,+—f^3AS AllrAiA, 

fBJ+“fr "'o OTffim^0^,Sdk,^A?UME7L,^-7L 

$ MSWfIMITtMIfilnKSo 

fa&SLit = #»$■;&###■£ - #!#:•£ |2| o 

ffl±®0Aa]SAAA JBtfP^AtAA 9-7.111 - 1.89 A o 

SBSW^ff F& SLp AAtf p S- 

-A,iAA p'o 


fg=*P &«£*$& 

i:Ti^^^'AiAiAffil, , #IjtAEMtiL £n HAiirt Air, SiH-Zla] 

m At£ , mimm aba^i p m , &- =?-mmm&m wgusiyjt a F»g^ . 

8 jW©^o 

iiaittffiffi), jima , »m, mm%mtto%mikk , 

10-4 ) 0 


[1] <*^MH-*<#ffifc>*-».# 483 E. 

[ 2 ] ijMft “#" .“#Mfc" Ep##f 

[3] tttrl: -?#=A»,^*^ttBK?i 2001 AM, $ 261 
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ftifi^Sfeira fa t)M 
± , «igAo sbm*£ 5 ifflMK mmr 
MM,& ^7S-gf)o 
BEATAnffi*, 


i£& 





ffl 10-4 $.&$&? t'M 1 






E) fomtim&li-B , min, 


-^Nfrfe^as, HMt# ^.mm 

R^7llilWi&^#^S^,i&^%^Z^TW^iKS±iPa!£^al£iI>ifeiSf^ffl,iBjgiFiS 

#fe( ),tiiRteft'SmWfeC) e 

fflKt 7tTO%i§rTnli, &;£)& 

n^wm SzHU 

IIS. N3foste£, WJ'JMiTfiE 

^(gp±^A^MSJ£) 0 “Algfo &#g#t»a/jN.fS# 
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mmmmm^m^m%^^.mmm^ , imwm& 
mimmiim&m\>mm , mm^?m 0 ^nriiwns 




% S 


in mmh jih*, 
m&Mmo 




i#, mmwgfr^H . ^mLit±^&^%mm^mL\m , pism 

&S£o 

m»^±w, ^ w# , ■-ft ji g , tm . □ w^jAw^wm 

um^im a n w+ m . tn^,, mm.im 

MJE® 10-5 )o 



15 10-5 
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I m+* I 


B^afcS*«J^Jtfn^(M 10-6 ) 0 



ffl 10-6 


si&±i#, = 

fn = {2n-\ )-~{n=\,2, 3, ••• ) 

aaa . c =Vf < £■ p mm &&), l mmm . 

iilijiiiltx 

. mm * 

?nMf4WSbS.WSM®S^KiMSo $c^±3£H 

m-m , 

aa^Kl0T2AS^agiJiW,^ffllimi : t± u fiM” WAr£,i^£MA±£-,£ULr 
tJSt, Wo 

ffl±^±,E^Mtii^o 

A 4>i$, f£U K-«, , f£»±E- 0 

g*5*3cg»:ifc 

4JW£§fi4gK\$£|llE3S^5>SIJthM®6.27fgj7.6f§#n34.4fg 0 S^MWiZlI] W 
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MM^4^AigM4i^ni4 44E”o 

, iisM^iffl- -w-4( turn. ,mw ) 4 

&& “^ffl” ( mmm ) #a^ 4 ffn tti (a® 10-7 >, 0 

£#,-m^ffl4l4±st^4W444P(±T 

4-44W4W; iaW4f!^L4S^4-4ft® 
ft 4^; in^P0#t4^mTi^P©^7L, 

*0^ 4-414 tr„ i&NMS&ft^&ffl&^ft^ffi 

siA4 5^4*114, 

4fl,Mrf5t^iiJ«W^4ii^o TMWM&ttl- 
|g*,4li4M##iPXm^SB^^4o 

^aiJH^ wmm% , pKmn 4 

m#-5ES4^/5ffl#7Lifl*n,®^^#Piii^aiTo Pi&K»Jfcg£-#.ifcglW 

4M, mmimm . saMimft , ^px£tii»^ 0 

(G. Gershwin, 1898—1937 ) ft «£feffiSft >.44^-®^^ 



[ 1 ] ^S#:<#**1P^J|—$4g^£^4M + B^*>,l997#$2}|.,5g65~66l 0 
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* 


^,mk(mm ) m* 

pw«g^a^^wss^isuiffi,*w^w36flHi^^#^#fe.®J5iia«i 

aife±^,p^^f^ais@®-#w.TO«35RJS^fcb^flii^sijj5few«>t, mmm 
m&mm , , aRMmmzfc/kjE , 

hk&mmw , , wmmfr( mm \ *«#( 

g&nm&o , mmvkmmmwmmm®. 

iijo P^#fR«,niJS(M£S^PEm^)^W»,M«WWTOffn3SM^ 0 £ 
i&ffi , MM*»^j^Ri]MW[x-SiJ, li£n^BJ«jt*n igj&fcjfS .IflfiftSMft 

, rfnig , m fiwst*, * ,/j ^^ wig 

IB*N-£sl3±mt£i£fcTOfc B iJi/J^ 

e i®/j ^mm& , M/j m 10 a u 12,13 ^ 

1 s2 ,3i2^t. RiJ «§«F*3&/J', 

@SiIS#1ta, &(£SjS*S-/Jv*i#St^4' J£^ 0 

,9T^'Hf±^a»0^,ife^^?l/2,l/3a/4.l/ng,^gllf>f 
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m.hf*$L® g , mxmm<mmkm% ,tExmaimum\ -m 

t , m® & [ mM, wa m ss±#tB g mmt u 0 

mim b ^ i .335 a ) mt b ■. 

mm 10-1 n b 



%>T\mm&Wim\ti 

#£7ifPA£^±#ls^SfflS^o «PJ?g|gW^.^ffiJgflfftSW#llE$ft;WT^H& 
‘tttlo 

S®fiietf,Mifo^llfiMlii^lSli^SIM?J(ffl 10-8 )» 



IS 10-8 j£*X#J|igs5t;fcH 


B 1.335 A ) *10»J. 
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I 


1 1 


t m~rsm , 1.59*.g#?ijwHi£/j w g ; *rFH-, 

7M7SS,^it-KM 1.75*,STfl- 

i.69* f g#^JHHBc*:Hg; 1.854^,flljg^JPHS 

WW= 

y Mtag° 

Bfcjfc£*hBc 

19iME7SWXffi^,X]ilft $(C,.'Verdi, 1813-1901 ) £1! 

“m-ffife”), MUX f±i 

mm 10-2 



m^mWMm* Wft-fc*t(in+ ^M^)^%-^rSS.STrSSa,3&t'#W 

wpxinmXo i$j 

bap ) ^±-^5iti,f^naM»7FtgMiS]^TOif 
mnmmmti ,«m«gio ^, *^1^1*3w , 

&, M.rfn±i r JSTrSj$SS : H , ht, MiPtSS^SWM« 

ft MU, HS#A n, 'SfiJP$5f. sfiH7«, 2S7 

MMM-T-^uiwirAW 

, iSf&g#wig&®, , Gm&ft&m&m , £ im*^§ ; 

^s§#*ji5KJg?F* 5 $&?j , ^mmma, a 
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I hMIS | 


m 10-9 -m ^ ■. 



(a) (b) (c) 

i A ff -f H(Straight Mute) All"irl^(Cup Mute) “tMsK "M.P ) Alt "bIK Harmon Mute) 

IS 10-9 fr-$tJfiS8f» 

1. nw^^TiiiM/j^pAn 

\m a 

2. 100S^Zi'6 ~a 

1500-2000 m&K^L ft P ^R^WBW ffl, 

my , £±ii^g&/5 ,pm 

liffi«&fl®ific ,P&W “laS^MUfiA 

sswaw^o 

— P^o 

^«pS3?ij, a m ac A-Khacbatutun, 

1903-1978 )W(^7]^ft» ((nwmmpm -^) pin^M^pm^rntp^m^- 


[1] Backus. Impedance Curves for the Brass Instruments. Journal of the Acoustical Society. 1976,60 : 470. 
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MMBmrni mim^m , mtmmmmfam x 
aff “*% ,n ®),mhw 

&&( mm ,ws /j^ ^ x -ft 

-,-kw 

10 - 10 ) = 

i. , bp ima , mm , a* 

^W^lJ 1^Wfe^Jfj|3^5?PWP^5ft &5 H^la] o 

3. v im,3M 

m-tm^mia , , fifths* 




\J v^L, II L I.I.LL N It 1U.L 1 A ... X_.U 

200 4.5k 9k 

S4(Hz) 

ffl 10-11 ftINJBt 
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=..nn 

s§,s 

SI 10-10,® 10-11 WiSte) : 

i. rrffi£S^E( 3ooo ^iii± 

mm o 

3. frffiS 4500 


(jAl® 10-12): 



2(M) 2k Ik 

*#(Hz) 

m 10-12 #.fff DSHt 


raJi^nfi 

^i-+H^£i§,lS^ JF«f!?£o «»f^W$nT#ffi(jaiS 10-13): 
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| M+* 





H 10-13 


1. nftnrtig a,4sooo/J^5&££) 03^n&£if IF# 

SEo Ha^fetb$£Bj!f£>rS/L□ 

2. ■. ^mm$m , mm 2 3,4,5 
m&±mum a® io-i4,^*m3,4^g^sM^^i±i x 

3. S ; fB{iiBF ,; iig : B^J t: t 3 W^ 2 , 3 , 4 ^-i^ ; g L tKmisiiE^:TS ; H ,Hitbn#i*]W ; Hfe ; FR :; i'^SKi “H 

w mtm,TM&tmwgfomn oe ® 10-14 x 



200 2.5k 5k 


«*( Hz) 

S 10-14 Mi# 


$./J^ 


Who MISII a® 10-15): 

1. ii^a. £5000&&( /J^ 5 *££;&) . da iftsfee 
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S^SS^fc.H^AfiMIM £BU3Ni- y hfcffiW “MW c 

3. &(JaL® lo-is+^JrFJi 

# “tar" 



200 2.5k 5k 

«*(Hz) 

® 10-15 A' -f ^ it 


A.*# 

Hitb-^Mif ±^fr#M®£zftc 
2oooH^_hiig I ^#^^S&?]ii^ : (JEia 10-I6 ) c 



0 ' lk 2k 


m^iwz) 
IS 10-16 -fe 




r &tl Ift E3 Sx 


!; iSmT^^ 
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I m+<s eft***#® I 



i. T5>m#»7x£? 

2. i m” 

#f±53fc^? 

6 . immm* 

7. “jgwjfcsr itnm.&^mm'! 

8 . 


143 









- umt m^^mt , wm%> u & 

H%JR3g\ 

, wtmmTtmcmti 1 ,^ „ &«&&)i,w 
W»iEW&£JR3S^(4«< "S¥" )fng(ifWfr#,4-E»^0f®ft) D &4-^±,aHE 

E) o SS@,M^xiI30()0^^4^aiW^^^JSf±iT9^Mfe^,iSW!g^' 3 ' o *jtk 
nriafi®?, AJ§f m&&mffiggfkm'j>Eg& 5000 ^ £0 

w-is, m^mmmmmw , jS &#, 

1. . m *£& mw^ mw w#tii, ^wmmm a 

2 . 

4. m^@E.fflIiUJp3SK«fe&?jrtfeo Mlili: 

-^I^.An/J^W^I&o 


5 . fijfill^ 






[1] <#-£f#$>, 1988 %-% 4 JO!.# 45-49 S„ 

[2] ^PB: <tH9#^*jt>.SHF*<btbjR^ 1999#®,$ 8 So 

[3] ■« • #£ft **: 1989 83 So 
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% *& 

JLk- 3& irk Zir ife £ kb -t® ;ter fr 





fflii-l 


1. *M$l«)tffgafTltfc£, ®agsft£^ a M32-fc( ) In 

*fc£< ^3SfP#fc„ 

, «ra/k 

, mxm , MWiiAfo 

3 . —IS* 

tetauiim mfrgsm&fr «&*§§*&.** 
mnm# , , /j^ wwswutffl* w«ip^fe □ 



Akp^mm , mtpmx-mm-fc&ijfomko 

±.m±fom^t£P: 
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o 

ffitm jmmmwm.u mtsfflm , ^\>mmmmMm±Tm^, 
mb&z, mmimmm.± , ; ara, «n 

WtfcMih, SelS^; 
f£M, iTn£*S£&8*ni£52£g§± J'iM^BJSo 


(*»>'• =S I 

m^fg^OTR^ 

PSIffl,£1i»+ 7\/>3 &u 

* ±iVit^ : m&m&m dmmmmt) m±,mmmp) mi®, wsaa, 

^SIrIo 

{&* [si &§§&$ ^/jN»^^aajgffi[^fflfeKi3E-ft5fcgfe3S£-K:, m 

eS^^iU, $tiH 0 


a® 


<**> f "-s£ 

i±j£^«p;n: fSi£3£i®g,ii®5j?,gp yflte^;,^ 

, sfcji^«rai +mmx d n 

. sMara^ wpas., mmm 


,fl),/ilMM 

jfSMr^o Ebm, 


#fe g 


;^,^^^^^n/g^^f 0 -]^fe^Slj,ii 


sifc^jtbo 
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<*«> f "=ii! 

\h . mmm^&m f«) n m%£,mmm( n 

ta»iw, MfeMn, 

fStt&iSSfc/S* JW 

<f? ftfnfif±A^5i5E,^«-#iSgi#&WHrsij«gw-ws^ 0 
fl-. j^s IfelE^II^BF^ 

aMtts ~w e&i&& , -s&sm*, mT£&M.3ift , a«iw 

», ffi 11 -2MAT^5>SM^/ te/ hti'AW1f^o 



(a) (b) 


(a)S«f^t® (b)iI#fAX*S 
@11-2 £#^±17 A At IB 

MMAj ) $^# 3fi5cSII&bt;, IP 1:2:3:4. #]£&,& 

A Pk 

Young’s law), S't’^.^fitB 
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I bMII I 


&} ll-l) 11 JxflKSjW-^^, 1/11 

itfijii-i 



1 23456789 10 11 


i£#iJS^££,s£# 

&» a, at&±w, 

«, f„ IAJa'WB't, 

— Ji£E a d c. 3£WH£ 

ffife±fflEg^#(E®n-3 ) 0 



IS 11-3 ^^iHjfcfiiS^a'^-#SI5 

S d gfip?^ a 'd 3 £& 

^m/&mmMmmm±; tf. g a$tggam 

&g§±teffl \>m m& . em , 
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, mmztpmftmmn, &mmmkmn% ,* 0 ^7 

»!-. itt7 h,'J» , 
^, &mm , is^KWJiEMo 



K a & §§ 


1g££S”,j£“^&JiRiS”o 

pi/Mi#^j( #ja® 11-1 )jm 

%m wsmm xft# %m mn ) mm&m \m^n > ht» d 

fe/§*,is^ mw& , iii-5t, immtm 
zm wmjjmmmmm,^-x^mi, ^mMm^T^^mmmjj , 7 

, #s*ypF«feM. &&^mmtj wmt, mm 

#M 11-4 X, 
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i£BJ:(a)~ (b) 3 ft $$%]],%& 

ftiti 

(c)~ ftRT,&&&#&$% ft#.#-, 

(e) ~ (f) -£ If %&, & ft HHkViiUl ff * *-f 3 # » *.M ft $ jf ft. ¥ 

(g)~ (h) 3^£ft^ll#Af£&^£irft#fi JPilh^^Tfi^fift&M^o 

t?§ j±m?s , tti^:, fa , imw^^m-kutimimm , 

^fec Scheiieng), 

^n^fttl® 11-5 ffiTfr 111 : 



1 2 3 4 3 

*5 Jj#.-%*£#(£*) 

IS 11-5 ±$k%5J£frU&1±g-5^&£%*t-® 

AAS4 3 »IPAWl±j : 

1. iQ^m,m.M : %)OA 

2 . ^t&s$&s>2rs 

3. ^^inm^E±i$fizaft4§£,^J$it+( l Wfe&)JiJ^J^ttlIESW^fe 0 

4. ^^□^M^(gg^^4~5M^),s. £ 5i±/j^ i *mM\mmmfo^m 0 

i/i i 

m io w&m bp m 11 ^tit# mm%, »fa±Mi®^f m 

^£rfn §, Wf£#*iAr iSJIWb„ 


[1] Thomas D.Rossing. The Science of Sound, Addison-Wesly, 1982:173. 
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sui tasto). %m\m 1,3,4 ^ a 

—faMHft Wl&jS,©(C.Debussy, 1862-1918 ) AR-M<» A 

%mnw%m sui Pontkeiio) tb m 5 , f&iiii, vms. 

m o ®ffl^®^JL^-M(R.Wagner, 1813-1883 

Ait-At£# 0 

m-, * 

“or rmuT^mmm , mm 

Sifn^^.MffiwSiiJ “HA” Witt. 

#&A»,Jjn±HA^P>U5*£H7 i()oo~5onofM!®®W«(ffi^^J^AaW c MA7E 

e),HA6AM^T^,Hitb^feMHRMWf^[S], ® 1 1-6^7A«W 
g^-^J)n±^S/5W®ifWtb^o 



S 11-6 


hass^a a&a aaii-a#, » , —sssh, 

a , m'mmxh , wjm&f ijha w s w„ 

&m>x e ?aa 

^Mf^»(Effill-7): 
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M4(Hz) 

@11-8 J%3i9k£E$ft£Hlt 


(a 


(b)/Mt#JiH **«&#&& 


ffl 11-9 
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I H+-* I 


0.2 #, m^im% 0.05 , 


SHU 8S»S 


‘m&ir „ 

P«S£fcS&-#. ^ 

m)&m%m i&mmAm&m )^mm mn) mm%m im ,&# 

=£M) E'NHfcK - titftMUm n-in) : 



ffl 11-10 #£*#*#&#** IB 
ii: *ffl4sfc*:Ji(*ft- 


s£») w&m&m®. m, **/5 

hk&&F¥M Si#, ^#J£3££i§W, 

5S&£o “p n p” wi^^s^.si^iiascs^w^fe.-ifa^i^sg# 

mm m$m «jteiagini«ai, s^#s£*sw^iiSo -Mtt ur , 
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, sMc , mmimmm 

“^#” sic "<m\ a 

m^m, ^mmm^mmmim -jg?” 

m& m&M mmteo ^^mtn\mmam , ^m\ a 
^m,mmmjm 0 

E® 11-11 4 >tt#t) 

wss±M®±f, , iaf^. ^px^kmk r ji±x# m 




(blSsfcftjfc^g* (c)H&jK#^& 

IS 11-11 = 


Hgxw±,/J^^,0 egi £, #f piEMst PEJ sh&: ft x 


,fS£t^EigHi&geM-SHfcc 


l. fK^Es, 

&&: X#i^WfPbkft^'go 

m^-. =nmm , Hiitx irfe. hbbXH^; 


[1] <=1fc£*^)(+#),##;fc£ifcJiS.:|fc 1991 #H£.f 88 f 
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IS 11-12 /]n = ?£!&# if 


S 11-13 SsMMMfEfc it 


2. + bE« 




o 


m 







1 ■ ----i -i-'.L. .. 1 -i 






















;«■ 






























0 3«£ 


S 11-14 'hE&t^EUfut 



® 11-15 S^^ + t-E^if 


3. i^mEo 

m i 

: /J NHKWigWSfeS^T=8*$, „ 


S 11-16 /h=?2^-tEftit 





B 11-17 E^iftESB# 


nj», 'H3£S&&£, ® * Tit %: XJMfttiS^#5S;± 
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*».'< 'iiTinisStf il; J.MhJa . i i ' 


mm-. 


feM-iM-i£&&L) 
$-m$t ®&&) 




3£fo(iM&£iA) 




$K¥ tfiit 


, mmismimm&wj, Mmt, mm , 
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ffl 11-19 


itk^h. mam & , tt^t ®mm ium, %$&&&&&&. mm&m wm 

®fs®, nmfirr&mp; immxmm^ , \m& , , $ 

>Tirfe zs MIffli’i i o 

«TO®tiAA: 

AAMMfTOWffi 121 a 

-m\mmwm£mmu , , sma mjsama 

TOiii&o 

-M'liiRT, Wffi!IS;±^Aii# A l'i W&M , itWfP&gj#, '/i -£;#&& A; fftfAffi 
, AMS ,-tliRPA^ffi 

*&. WM#f±imfnll'S^^ft,wr^^*±WKiW^nJg, AifeAMSM 

[1] mft At3A#r4:A& ; : KAWAIKC-mCltfs 

[2] Thomas D. Rossing. The Science of Sound, Addison-Wesly, 1982: 264. 
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m , w*ifffliirm 

tmf&mm .&-#&wg^ra^ss 

H£*&££3S,AXg^ e i-^ 

, -?»>i!; a- -«>v ¥ 1 mw&. i-., m&mm&timmk . , 

^±^^#i^-#,R^f^^0#Jiffltte<)S*Mo 
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2. imm^Mmmmm 

5. ItMa 1 

7. -«/K ®rs c 
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(Percussion Instruments) — A MiCSIl, 

aa: a'x aaxa. i•. &&%-biYAt-. w 

m:>L<imG:& 12-1,11112-2 ) Q 



IS 12-1 S 12-2 


8000 ^\>X±.mm^o 


hA&mm±frxmtJXi&m^fr%wiXzm: mm&m 


[1] »*3ft±4#s <*£W*l:*i*XAR.*&mM*t 1998 *JM*#*)*!*o 

[2] 1996AM,$ 85 1L 
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I IH-—| 


tffcgfcg* 

\&,^%u&-^mmr±mmmum\m, , ep«ruuia^ 

& , mw ,£g^. M£fl-MR^l®illnii 

a® 12-3 ): 





12-3 


Mzh&tmimmmm a 

12-4 ) 0 



IS 12-4 
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M—v MtWJife&iS 

t&g 0 isziftf, mm^^r&^m^m^ 
31W 5>E fa, PAH^Bi^^iJ. «fn»i5£| 

^M^(#E®12-5): 


01 11 21 02 31 12 



1 1.59 2.14 2.30 2.65 2.92 

41 22 03 51 32 61 



3.16 3.50 3.60 3.65 4.06 4.15 


a 12-5 mnm 

Wo, “ 01 ” 

; " 11 ”»WitfeOTSl 1 "^[nj 

25>E” ; “21” ^^W2l-S^Tf^l^^lP^,lttB«^IfiK4 “&IrI4 

£Hx"; rfn“02” Rij^R^ 2 ^ttl^^,SWS^TO,HjJ:^^“ttfS] 25 >[x",Plitt^ti, 
M'f'MB Wo, &al)JMitMzJ]^M0- 
itt i mi/&\H2^mmA)]^mmbmwt^.59,^4^\Kmm^m^tmwt^2A4. 
MttlRl 2^E 2.30 

fnin— 4~.f^/3 mn 
2a\ cr 

, m mmrnmm, «««¥&, 7 -^ 31 ^, ff 
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I m+-* fT***^»® | 


an ft Jji-i-it , J l L &fc’flML%;'/iriiJ5Ltt 0 

“am”«« 
o g^± , “a*” , mi±m^a 

hk\>x±&mmmm^]\>JMih, , h jttua 

it±i# 

^ftMe^jss “am” 

^m\j “m&” m, 

m 12-6 , ME+s^s^tsa prratis, 

(stB«R?i#i6#^),m2^#ji/h^«j^-c (ot® 
Jt^ 9 ^5>) & jttSfe#, 'hEfiSfl/^ W^, H 


r 

a 

dB 


138.99HI. 

4C3-J, 

54Z1MB 

I 


2t0.44Hl, 

»CJ*1«. 

«0 56tfB 



M-^-(Hz) 


IS 12-6 Jt-g-JfcSH# 


12-7 'M£*+, MIS4 3 SM WS#1f5£nIUJ.*tB, 

1 &&} D (-34 ), MU 1 F (+45B 1 5>),-BS^/3£— > MS¥JtH&fcj 

D (+38#5H^#l&Jifc—+JWtA 

IsjM^q 
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ilSrTn m Mfom&fflt%isiMfc\HM^M±i’a} , fcWtMMMM&2/6-2 /*£h,SjltitffltiWffij 

^mmsmmm , , im* f* jt^M ,% 

jtb^h,#SM^T*^^as^raaiiJnWP^^fi5feM^fe.0!lin& 

Hi-#«ffleW^fe.ipPiin7SftSo 


1=*$ wmi&im 


, ^gMMf^WW*, &g$@g#< in*5£ 
K^opirI# )>®^#(^n® ; B tRU. )fn®7£#( ftefttk ) D 


:)"\1B 


[1] -4 
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I n+~m I 


■*-#1 


B9 12-8 

-ft 

H 12-10 ^.-g-TK^C ) 

uua^j , o , m 

m : -jffigEia,-»s^; ffisttffi; w^e*. ±mmm t 

g * ttit&o T®^tn g * 1,1 = 


Ar=t/VT2=3-46t (t , 

KM/2 \la 2 + b 2 ( a b )) v UpA® =yjY/p (YP H?i5]S:). L H# 

-fe,w=3.00112, 5,7,— (2n+l ) 

I Ej3ffio^: 

f°~ W 2L (” = ^’2,3, .) 

*.*.*.«;&#.,S']* Jt-f*IS]«#£.„ 

RistiMHii-®,atBdejf zt^mmmM&M%..tm 




E 12-11 


[ 1 ] Thomas D. Rossing. The Science of Sound , Addision, Wesly, 1982: 235. 
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I sMis I 


12-12 ) c 

@12-12 





&*r&ajjni g , timmaiFUi , im 

ait m mnmum,, tzii*t#fto mta 
s,^m^mw^m^jimmi]QXB mts ® 12-13 * 

cA'Ng&ftm g\*\ v, a 5 ,^i3 



■ * ^_ 1 

300 5k 10k 

M4(Hz) 

@ 12-13 
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mms 

Mtta, AnSS^h#=F^, 

ffi&m , te&Kffim , ±. w 

ft “IT, Hiibfe fflliWAA, AH 

* a»a “J¥ii”,> 

t6Mft-ras a 38 mawma/ 5 fti smmm "»„ 


*l*l*ls 


(a) (b) (c) (d) 

0ai2-i4 

-^M5 Ip] ^ ^P 2 ^-$&|p]tH£ 0 

amz&te&st, sy^m+ifAA a= 

f _ 0.28 tv 
D 2 

S *Sft , H^sm+lfAAA = 

i.65rv 

D 2 

±3^AA4 1 , £> t HJJp.£§:, V I^So 


[1] Thomas D. Rossing. The Science of Sound, Addision, Wesly, 1982: 252, 
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, bet* 

W7k^, iWfi»fe»4T$fto 

w -m«”, mm& 

%$mm MifirnT&mijia«msr, ±a^ 
^{x*#^n, a&pmia 

mmmm .i 

TOfiftitssw*#. Hitk,,j?jtm a 

±^ 0 aha 

, mm isiiMjgrfnM 12-15, 



E 12-15 -4§# 

-« a, S^AW[0ffRMAR*Ai§, *£□ A^, H AM *, i5 Atl/^A 

ITOW^Eo ®AMA: EAA^W»M 

79.4|M(A *d,+28 ^5> ), A 



M A( Hz) 

B 12-16 f £ARA4?«if 
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"S^T.SfcfFF 



S 12-17 -*4? 

12-19i®lf )o 
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a a a, a® . aF t)w^hiarat-^o 

#E$IPFPI t&fikSMMiX, foMW&ffick , 

h 1 ffirtlS .5*?tlj TW , H;^ii 

fe : &m , W <;MMIzfl^ o 

'il'^lNiirSi, rfnflj^t'&^nfij^hlfilH 1 SjJSSF-o 

I1AM J , . T^M'Jit7*ii#g'sSc gfflIMIHPift-fiii 

^]l>m 

&m± w A/J', »wiapi® w?sh a . tm 
mmmmm eah+ , p-im^^m,-^.n 

mnmwMWMwm& 

swim & 5#, *% &, mmm* 

«^e ^\mw-m» MiJ#tHJi«#E^¥^^it5£,astti 

mmm “»’ 0 


£t> m&m 


*ra»;g§ , mmm , ^mxmxmmx^ 
immxmn,mwaw^m 
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I SH~—i | 


mmm* . nmTmmMi&Mk. 

mm ^- 111 ; 6 oo 

; *k%Mm, « ; immmz 

ff^ a fifj 9 mE ,12-20 ) B 



IS 12-20 W#W# 


[31 ,lSa&f^ ' 5 >H«§ 0 ^ 

■^T£ , JS £J1 

^W’f|5|r|5 | Jja; 7 1 E:W-^-^'"WI I l :[ ,in^!®2iJ^?yfifeti.^f 1 l$^AE5Sl^f- 2 l 5; ^:^ ; H 

mm ^ %&mm «, 

&,mr£KW, mrmm^mM^ 

?^i£SI«AW 7 W 0 1978 ^iBiftij^SSEEH-A^C & 

jcmf 433 *£) ^Mi'IgZS^, 
ftK JAL® 12-21). 


[1] “Bell” ifllMM? : New Encyclopeadia Britanica, 1977. 

[2] Sachs. The History of Musical Instruments. [London] 1942: 71,200,222,279. 

[3] (drMti. • i&fyii}: JI#;t#o” 

[4] (i *#&*#£<#££ • ?.'*>» 

[ 5 ] c r-- 4 ?. &#:-«• • ALiE> 4 = + — «BUf:'f 4 * + ffl)): “Hi:fa#” (#A#l£tl£i:#IE L 
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ffl 12-21 f 


wm&gmim* mmm± it« “aw wtm^m*M^42^M^m*&%-m 

(1403-1424), ft aAA : A#. 

y 0 iufrsit Mm* .# 

It—^mfl^lt.^a 1 ISlIrfeA, %^*W&M ft-j .' l -J’lz' ! !tltMt 
Alt AtTW ■^Bt, A—AnPoSffnt'JAMI#A , MPtAfe^ftM^ft'/l 

t E ^—ttTT^,'ibtnlt&t^ft^s : fttntE—ta(jALiii 12-22 )„ 



m 12-22 

5>|ffo ?5J^A^ 16ttiiaxtHItStiS^aiTTmAW^,Af iMAItrit;^ A flA : £ ii? & 

jBHSfftllrftA “^H 1 ” (Hum tone),tj'2 i'AAl tAL Aif 
“SA” (Prime tone),<&£ft^$ 

Aft-Wj,A2^ iijAti?, • A -$i^ I^.itti-^vilrf-tv- •I’J^A.iA k 

XiSAltt" ( Strike tone). P^TMA#,^ttltEait)ttlt^&t«, AAAfltg 

fP A HS^lfl?AS, MMItAftASAMMAnft £ fit /J N ^SJttPAH^ 

mm. a , mmm&f&jEtk , a 0^*#^ 
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I n+-* I 


tk "’o 

S 12-23 ift® ng^'lf : 



® 12-23 HI # |R ^ ^ 

+ m, X& “^t+”, ft g+S*lt WfiCftfi “S3^f 
ftJzft,l4-titi«IHi*IiiStSt: “iEMW”,^iiJ 

SSftftM o 



[1] Lord Rayleigh. Theory of Sound (Vol.l) .Dover Pub., 1929:464-465. 

[2] St#: <SH£€$ ‘ #**}*-<*#>o 
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, m ^aas^-amaa 0 ah 

®, A PAMAA AMHASAift t£Jt, AIAA A Affi—A A AtU^ A AM . HA 

»T^WMWPKM(I® 12-24 ) 0 

AH A A % ii Ap A ia^ ft if WAS, 

fmmmj m&m* □ mmmm. waaa^aa ) 

[^I—f§4k<£ 
A AllMA®, WJgMlftStfA, 

A; o.5AAAtA j-AAAAft^jiAl AMI£y?, l f4'Ek3£Ati2^^TAA A 

jltAt^AAIfAA 


mnv 5R^SSH41E2«i!l 

^]/±l;,^AAAW#t 1 2 Attt^n^p^tiE^]6?T^4 3 iti«4aiiSii D g i983Afe,^IA^5# 
A AM4 AtAH ATOM A¥t ft A A, A A£#I4 A A, j&ft A : 

AA^I'tftAAttt^A^A^,AP®iA#MAA,Aftl t tAP[n]^E>AM0|Jr,AAAAA 
^MMA,HA&!4AMAAAtSA “nA’MSAA^A “AiA ftttM. AiAAAA 
^m%A#-AfsM: TOA AM«:A&:3fcMA-AI4ftAAM? itAiA, -MA14 
AAAAA^ltAAA? 

1999 AAftJ,AHIiJ!4AA-iil4AAAfgftA«A±^A^AAAA “AAAAA A 
AAAtlSiJ.fitA^fllA^AJMA^ASM^Ao ^WW4«I#4,HA 
AAAAftAMAAArAAiA [1#—It^Hft^PflAt^fAraftiAffta lAnA^Aft 


[1] P4itAPH4t: ««M«f 8 4,1983 Af 3*,# 129-134 1 

[2] #MA3?t: {-fr||#tt^t#A»,CA##ft>1980Af 3#,# 161-171 I ? , 
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I M~h —# I 


® B^iA®, ® ® Ai^®r ® ® AiPAitbit® AA.Et:( iAA^I+StA ittli, ^ 

®® A, ® AWHUg'/i* AnAATOMlti®®® AM AJlft?±®MIA ll*l» 

1999®,f3cHA®®21®S®PJA,/A:^lf3a—S® 108^#!M^®*fljA® “AAAl 
If’X i® APtMffiflt 1 Aft®, •AAAAiA l A: ( i=L';J' 

TAa§»»sijxf£, u 

^nftft A I4 1 ® ®aE^ri®® dj A-ebr. : ilf blA ftfe ^/InHAAE 

M m AIM, AAiift ,mm$S WA'/fMff 

bpm^)o 

AfiAftAftFASA 

“AA” SiH.Ait “®A” “/It 1 ” &1AHAA^ 

) mm±* feM-iitft 

WE JiJIAWfflSA^®gJto 

A I •-'■ iftAftAAftA®,iftfef? a'=442Hz,gpfcAMflAMftA ± 3tAA A g Sft 

± 5 »,T m%¥?% ± 8 ^ 5 >o 


[1] #$»: <-f 331,f 1~7 A 

[ 2 ] 7 AE( 2000 A+AARAASAfA 

[3] -#Wt, 

**,-**£* E,:H 5 

i HsIMiftA 
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A-MNM 

nlf rij An;|l A^JSilr i^^S^ ; SR/rJ®_tS^SilB]sfc'f51^ n'lS'tin^:—AtSMfe^iiRfii 

TflRE, Hl]Lil,S ; H 1 K)rojJ^/^S/n^JS^l3'^o 

r.^feWJ 

rrMiplSt A #<■;? ,^ Tr $<).; i A£SalTo lHI4 I vi^4 l fnli-!tH^ 1 z;i'B] ; afe33tiilt§^o Ml^erfe 

if 3ft ,®Pf, i I^h 1 feU'/lf .-/iBtir, fe?¥J? ,tfep 0 

tk«ife: ros/j , $#api «» 

.iHx) S Iff AW 

W^lT^aS'S W&l'Jte r^ ,Mf sw 

mmymm , m , Hffijiym»i^3Aiis 

H, eritl&iij 

'kfih , A J^E^^tSMZkilii 1 , Hb l##&K1tOI rIA 25-50 RM (A 

rttX.TIS), 7ci¥ !# rRA 35-55 OYm 

tt#fAT^7j<¥#Igi A&hi&MiUfS 
ASAfAS, □ 

ra.MBtitiij 

«, A IS &»$i, W g &3E W*fi& 2#, A# if g $E 

ffe^M#^g«07fAigsaio# o “g^w 

&BtfiftMTP$30dB 

#),^fir®JA^A-ftA5iB^7«o mwm is# 


[l] ffi##-*-f#^*#*i00Hz(«/^R7*G)KTMilS4t o *7A75fff 

^i L ^A^BhftHl£^l>|> II if^AR : tA7-tI51f7’-l 1 'fto t;.f'IW#A!/rBrKlE^A-§*-f 
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I m+-* I 


wmnmmmx^ ‘«iiJRf#fi5»4at^4at^i6!)f®iro mm 

^§t,M/ri?frii£: ^tt/jN-i'- 10dB 10~20dB 2llSl^#|&,20~30dB 

%£ 30dB \>X±%j\fc 0 
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*es@wjfc* 

2. m 

7. &vf , 

*0^JSB? 
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£&*»»»«& 


(Electronic musical instruments), Je- 4 (Acoustic musical instruments) 

. W&Stfnrsc&fro i 4 

&^b . nmf mum &#■ dm Mm 

MJfcraft&S.&fcglX/t “4^£il" fP “4r^£fl” mf^i§^£ffl4M 

§§±m as 

( Electronic music) JHf[§ [i 4"f‘SsH§ l Jfp&tI ; B L 3s;, , 



09 13-2 1fe£ft(fer*&#) 


&{£±W, HSJS^4S 

lUlffigll© ft(Thaddeus Cahill, 1867-1934 ) T19ti±W_h^—''t'4 z Pfti§( 1' 
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W/SS SLftWJRFWfc I 


1897^)o 

^ bam ^ t &§§ mm±, ^Thkmm^-Mmm^^ 

mt^aAo m ‘W^a/t 

(Telharmonium Hall) tEA A BJtAc, 'S38SJ , ^M7§P|g AA AiiS^A fftia trfiTvA 

4J*l^ AF&iS A A. a £ #r(Edgard Varese ,1883-1965 ) ffif. Af'J?0 

SWJffl g&ft«JU&&&#fmFJfc£, fB Ji A WSMS„ fife A 

121 

JCfc#rgi9i6^B~M&^£ilHo flb£i5iy®HB&^ittfT4T&i§WW£Affi 

SITi93S^.flfe/L¥l£A*Wm&Mo S?iJ 1951 

4T# AMfk tt4T^f;«iA/t» m « 4TAA», 

raft^/5Tl954^^ni957^|'5]iB:,S-'gia:AiiRo %jttPB^t,S©cM#^#^B^(Leo 

Sergejewitsch Theremin ) ABPI7—APAi^l'I&fE AlffiT^AlK 

APfr, s^±rt£gi^T[s] Ate A: i27P AterfiW, *&**SJfcg. rfn^ 

iiAAT^^*MWA»ifiAI«r^rEjA&^^S( W 13-3 ) c £#.& • WJl$M Clark 
Rockmore)^f^TsHW^#^T,^^ffl^S^S20t«:S30^ftAllaMAIXBi^^ 



15 13-3 


[ 1] Curtis Roads. TAe Legend of Electronic Music.Neue Musiktechnologie. Schott Musikwissenschaft, 1993:35. 
[2] Edgard Varese. The liberation of sound. New York: Perspectives on American Composers, 1971:26~34. 
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& 1920-1940^fa, j£M£ 7 Wi -+ 3§ 7^0 4 %J ffc IS, * S| # i£#(M.Martenot) $(| 

ia^]^^^;|sI3#i^^(Ondes Martenot) ~aJn&M JlkS^ fit) fi£ f£i ilf, -3c 

(O.Messianen) 

5|t, stJUii!^ &$$.'§.'( F.Traurwein) ft ifijM O.Sala) SfSO&t) “iH e?^" (Mixturtrautonium)□ 

, #M+tf fflT'So £*rWEfef^ «4 



m 13-4 m r+ • p#**#*** 


SHGtedtiS 

foWJif-SbMLlktR^ Moog£^H=20^360^^^^] (Modular 

Voltage—controlled Synthesizer ) c '/$-$%( Walter Carlos) ff] Moog cj fiS77f}il]7f^J -a 7(ticilfiE 
iS) (Switched-on Bach),Moog Buchla, ARP, 

Serge, Oberheim 

V.Mathews) ft*P*T20i«iE5()^ft 

& mmmm \-\ w m i» 
m <v »o « w&iv »ft <v »n 

1976^, Dartmousel^M^^(ff^^^^WK) 
$m )P.Samson) 1977 

1976^,&feilffcfl^^fc3r(P.Bo U lez)$j6#ftj SRiF^'ll'” (IRCAMJ&B 

m ^ ii , n -^ ih [> X 4 A 4ahj^h^^256^me^&o «x 

^■4B,4C ft4u,i;MJM^S^:W4x,i!&4 3 ^fit)f^ffiMlffiffl7+^¥= 
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u mr (chant) 

asj^^o . *itb^ii^»tii§fww^ii [ & ] —mt 



IS 13-5 % —AA^XAH E-mu emulator I MXMJ?, 


1981 XfKMA HSilk^JSft&fSHko 1982^, ltffl^ii.^X^f4^5T ^7^#tS^W5i 

PftjftH c Synergy 7 IJOiXtAhKA FM( »«!] )&!&, 

Moo g 

^•J^SlJBUtBWZ.Jlfa# 1985XM^MI^XSlcJlfO (Digital Moonscape) %)WC¥1ktiZWiM 

i983^,^X'ii/jf^§[A 

“midi"o 

BtiSto i)X MIDI W*aXfmtt^^20tk^80X(tP^lu^7A^Aiio M^MIDmft 

WA midi 

«AX^a«mH15g^ET? 0 

2(ms9oxAPi,/s, & xp^sx 

tPXPUiApjifmiiKfiissx, aa^-^E&xxgiiuPiM.ijUij ,«in, & xas^sa 

W£F%r\ 





fc^jRgftferj&fcs. *77 
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I n+=m %sfk&j5i£iim \ 


a 13-6 = 



® 13-6 

il W : g M H # ITT 4* A + ft * - %■ M , % it T W ft & & Mt # It -f # it ^ # $ H l f p 
&#& 2,j fc jfc#£ft*iSf£i8fc*; 

It# it i±$c AH 

«rdt —«$#.£* 

H^AH- 

mm . ^wmmmm &&, &#3»mi^iwisi e , x5>»( ) fn 

mm w.'k^.mmwm, , \m 

Anm&tffl&Mtim ,WfefSM#^R« 
^*x=t^,'l»W^Afifl : ^,f4^^ilMiR?iJ^ L fe^^M^W0^l'H]^ 

assfM 

MfffiiT WSSpf^fiffilM ftji4#, te g-Wfe^SSIgiii WfffejfctoHI*. 
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I aftnit | 


\mftm o 

, pru&ft 

S5tt#Efer.mS^W^m®o *£F&M?fr8iJ8j£W- 

m&&&. £&atr£s 

^W/SS, $agsbW, E&ff ^, &2fcfc£&&*J5 ft 

s&^SJfetB^(miai3-7 )o S-f+MM/J'll^jRlSLft^ifiSW^M^.^JS 



IS 13-7 


Pi^iiLimM^o 

Pi^&Z&nJVAMfcMum 13-8: 



0 13-8 tfeSS^fP 
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I m+H* I 


% . sxiAmtB ffimmi&m . 4r ^ ah 

r.AWt 

kW0MWti?t£--mm &mm*m , ra M&h-^mm , 

K-mmm^^mmmM „ * it^xmm . A£*r jrss W3§3?. ^nxlbwi^a w 

iwX., XFlXlltA' ^S^^ftlM^tSfe^&tl'i^llili^o 

*ra&^fcSS 3 fei 8 , 

iTiiJfPXZWbb^^, 

X^BiX tbfp'K XX«i§)faXW(&X§I)$«£ 

wa^pjstffl^sx&sssws^o 

, K —tSifc *¥Sf 

#j£Xi§&Aft AXX, W^^ilKliSSiE, 



MIDI J§ MIDI *S 


“MIDI” le^lSC Musical Instniment Digital Interface (D ) PP 

SL^l <, X.X^Afi]ift ; ffM^fitl#iA” |,| c 9 BSE,a—til 
]3zfflX-teX^AffiXK)«AnXWTAMBi!^nllSS^^ff5iJiS#Xo midi MSXM 

BP* midi MIDI 

MIDI ^PiMfXfn MIDI ‘Midi 


[1] Eleanor Edited. Beyond the MIDI: The Handbook of Musical Goods. Cambridge MIT Press, 1997:1-5. 
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mm,mmr midi “midi £§r. 

midi gjfjij 

ft,t ArTnXz.Afn^^fflEfeT-^^iJfP^]^^*^^ “midi” r£ “midi AR”, 

»flffl^ “ftT-^” i4frK5>: “MIDI -ffltRRh 

rfn "feWifc" AM “ffl 

sr iUEMKi 

MIDI SffflIS. E&iMfc. 

fRMJMl#(OT+£»l»lft “midi , 
Hitfc.MniffiJWAi^ “&&* n a n &ffl midi 

i&ttimmik mmiz!& , ^ mmt „ 

i\\^%±mmm'mii-Ymm^jw^ midi , mmiim 

\>X-5w^ MIDI midi mtf?M*I 

, ii-mm 

iBf^ midi f=mR^^^m-sAwssi]ff,t,ffi] ummifmm&ft 
midi ^^s.RuuamAg midi 

PISMM R'PAS^iJ/tW ) AlWfe A 

M» midi 

erSh^HfnJa 

TWM3— SSfflW midi 

-* Synthesizer) 

&n 0 M&m, 

&&mzmm±Mm 0 ae^jsfW**jEEc 

. ixm&— w&##ieratertg^sjt4> , 
. tnm&mm , ^mmtmmxmmmmm^ , m^mmm 
i\m* , i\mfe r £&^us.mkmmrmmtti 
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—■^s^fe~^#fel^#§!lWo. feX^i§^lfe#lf®, ftjvxm fefe B§'J{fefe l^frWfefe 

1. 'ii : ; 5iiU^ - 'H &$1#o nJPi-azfeftS^H 1 fe,illpTIPli^Sa-fiKB 1 

fee 

&J5fc#fe :: 'i|S'nfe v J1I4 1 : 

(1 )^fe?fM: 

-^ufeo 

( 2 libB\l'1agS; ; Hfe^feM't'l!c^"1 v S2|S#fe^gS;,SfeS2|S ; ^ L felRS#6tl0 

S*itit± 0 

, gPRp]gpiwifjtl^^o 

(3) .RitfefRv; &B T J'o'fi5ca 1 fefe^:EbM / P^^RS2ts:^ : fet^g5c,f0^;SiPX2|s ; g 1 fel;;^ 

ijS<fe 0 ftlM,§atl]^KW 

n|3R, ^fefeP[P3Bfell#feW# ; l=f fe O 

2. mW.Wo fe 

xwmj&nfe , mitmm^imwmmmm±^n 

WPStfe 

1MKI, 

midi SitfttfcSo feXXIWIW midi i3& v K$>>J?&?fe- -I'BjfiRfefeJF 
IfeSPt a SKfllkXffoSE^Ep fefeti^To 

a#^^.T„*#fe35fflfe^MSM5HPATM: 

C 1 )^fe: MMMWfeM^^Pfe* 
iffea 

( 2 )Miiji: feXl^l^gPiMfTO MIDI 

MIDI fgjR 

( 3 )^»: R£^-^Pfe^fe^MftfeE6¥o 

(4 ) ’ 0 {$. : ®5E^-a : fe : &3z#;^ffiifePfe&^RIEtbf^J,iferfn5ft5Ei^e ; fe ; S:izffe^^^ !: l :3 

mn» fe*® 

tirhB □ , &#fe'^S^®»M^^±^gfeR^-^^fe &<jjJ0XJ4 

JlfnRifo 
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I SMtSrftJMMlife I 


; £»—#JtiIM PCM 

1. «ewfe«jflte£ 0 

, Mia &m», 

"*£^”- M&mmMR, a^SW^HS^J^I^afc 

MJafftSimst 
, tfc£niK£& ,ig*^ 

2. ^SWSfliiJo Sffj —P 

f Tfe^iiii^il'El^ ij^il, #£M^id#ifc^i 

£-an+ mk^\>xm\mm^^mmm.m.mm\ , 

bpm^o mimmfettm&^m^3^,'£{nm\£:imMmum&,'g 

aaifts^figsaa^iawsffi, 

a 5^t—liiafiiiijjisiiMt 

H-g@M^il(int,^'g)SS.—S[ D (JSJS13-9) 



IS 13-9 #$*]*«.*»**»*£* ft 

3 .^#sp^flte£T^#w$^#fe5iM,s«rK0t5f#feia-^e®j, 
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| f+Et | 


aife#IKJ«± 

SW^iJff ^7 A A , ft«@*S 0 , 

r ,innstgra, mjmmc.jB^m?-^^ ,-imam 

(E'^#f^)4 , ,^hSRAMiE43 0 iMAfpA MIDI f=,t#A7MfW 

ft7$ :!: r A’ '■‘H U r ^/ ri I t^-ff ft % MM. • -M A§ ; fiMi#- •74M 

ias ^ 3 

»a#, , -wt^waa w»-^fe#aic&nA»^m. 

a±*im, , s 

M AAi'H ALAiA 

A , i=r'i®(Tone Generator) 

AtWfe^ir , ffirMTMS'A , HrEM 

“Mg ” 0 

E. UifJK Electronic Drum) 

“EfeASi”o &1 MIDI 

A ', I^MItTf? Wf# 

&%m & 7P*it AA^Mfnwfe w s mmt , nmi = 
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K .erJ^iHr (Sequencer) 

MIDI : -'?-ra, Af'pAP; All , '&J£j;JA:.:: A MIDI MIDI ff It 

ft MIDI midi ffiJdl, 

MIDI , bb 

A^t# ,ft mmmjio ummmmm) ^ 
mft %m ma^h) few%, h \fafemm , m mba 

ftA^fttflA; WWlA^iBAft^ midi Bi Aft&( W'l , Jj;ft M& 

midi 

1. WJAfliBA midi i&friftAAft S^^^HiBf: midi SM^&tl^^EiTil#: 

(1) ^PbBM-= midi ftSiBAfFAo 

ftissgwsdb^^m 8 M$nft^ftgA 

(3 )pmm* a^iB^AA^ff^mWb/f'S^W^^^^fAtA^aAA- 
^ftSl^i^S&Tflts 

2. &¥^g&jaa&ni midi » jf aiIpw.jt \>imm 
\>xb oj mmum&n «„ utt a-amw 3 # : 

(1 )m*m* 'S^ft-^*-MiDi*#afTW,OTP^iiMwaf ; fM,«A, 

( 2 ) TB^fH^WB^TbiftfT^$l,®SfflllPA^fiAfP®fj5 | J''J^ d n,ti2AA®a5E&^ 

/J v'j ; • 0 

(3 )^mm, 

??ftfiS 3 »£ft 0 
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I m+H* i 


MifMIDI •AAft'o^X, 

Cj'-fe. f'Ai^^JX^fPXitPJ1£ Windows TisfritJ,Jf PX^Ptt&IS^, □ itJtt AM 

il,MPtXMA32ptiISSH^o ^®Klt6±ifnftSilitb#ra&!]M!i.Mfto 

m v#® .m&m , MPt*{M«s?p ram^ Astt #ts^ 0 

S,MIDIiI#^P 

Xf'tXMIDI midi IN (fg-^-fiA), MIDI OUT (f=^ 

fix ) fa MIDI THRU () (HLtll 13-10 )„ 



ffl 13-10 ii-f-A#A^ MIDIgti 


midi ouTtgnf^LHW,^iiSS-A#AX^;A:XWfMigo midi in f£-i PPvfr ; .HAXt : 

tilM midi iSr&Wl^lgo MIDI THRU M: MIDI MgK 

MIDI ifc A : : 12 AA A. A> IM MIDI fgAAfxfflMMI, ffnXAfTtt'X&U&h 

a,: ft—SfKttltJi&g-XStf MIDI THRU |gn tBXPIiltHtXltJ MIDI 

MIDI THRUiP 0 

midi , midi 5 

It din A(tiHXikfe< , i)liA(JAllli3-ii ) 0 MXXMPtftfflAXltJ xlr 
lAXfflXISAftPX 



ffl 13-11 XXA# MIDI 15.24 X ) 
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I bMss | 


7a, MIDI 

MIDI MIDI 4?Si§ A ft) MIDI 

OUT -^&§§ B $ MIDI IN ,&i§ A iSM MIDI t,H(gc& J£$£ 

mm )f§ay&£ss b, £gt b a 

£-ie0X^p^£ “»” us “ftg” «&&#&&,, midi 

# 15.24*, JE® 13-12 )c 

MIDI i£-&*K. 



fc H A * f§ B 

S 13-12 MIDI 


midi $#S?p(midi thru)3(64i*^E^,^M^W midi SlstoPia^, £n 

ffi 13-13^: B, C m D A 



C D 

IB 13-13 fijffl MIDI THRU MIDI f4$|® 


& midi ms, midi {^ mm ^ i6 0 

midi mm&Mmmsift / TiwimiiMfPi&i midi ^.ejc 
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| m+H* I 


mvsis midi mn •*§«&*» 

midi 

iri , $; wfrffM, ^ 

MMH ffu 

SiSaia^ . 

£ midi 

%to H^7MIDlfeM^^fs^ft^»^31.25k Baud,SP31.25kb$#,S— 

midi r, 

MIDI ±i%„ 

#, s#^^iteis^-iRsuffife^tb!i#^±?f-?&iis, st ALmm&nm* . 

midi 

«/ ^g( rq'RA uart ) W= *T&A£&ift&tol*3a#PS 

MIDI “SSW ) A31.25k Baud ( 31.25kb/s),tStfg 

WftS§W^lR]^,BPA^iS#giJ^t5;#. 0 midi iM 3>h^r. 

pn^*t midi midi mMM^&wrm.'zfVM&m 

-. midi an 

M® 13-13aTMiij.SRg b , C-, d a j£MffJ|> W&fs a 

&hS l±mm 

MIDI &~^k*$.€dfc\'AiW 
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midi 

fe]@, MIDI 16^ MIDI aii^ff 

M MIDI f= t ,&W MIDI 

£Z, ffo^^( | [RlJ5!Z^'feiSiiE±fti^&5fs-i.o 

—15 midi midi fsB,-ife«IUtfft®£0r^r 16 

JSyiii±tWS3lfc midi l,V,to 

midi bp “amt” m a %mm%:\ amt+X'S 

^ “^mt” m “$imr’ “*«(§ t” m “^mt\ 



S 13-14 MIDI % IS 


^H 1 ^C : Hfefg,t^;ffl^;Sri5lJ^g|^ ; H 1 0^fg,t,'bMa9i^B : aa; tJjRfi\t;i:li'.[<RII§ 
i&^eP fat^is&^tst, w&£ai3u 

ffl witt. , bp«j?:W *itos m 

ftt ; 1? * miss©] &mt, h 

mm%^ a 

MiDift,twM#s«M: “t,^Tr«P”o m£M 

mm ^ n\>imm “o” m & ,uc^^j^esijip^is'^jk^^ip, m ^^ mm^-vo midi 

13-15^: 


1 sssnnnn 


Oxxxxxxx 


Oyyyyyyy 


v 

IS 13-15 MIDI 'f#,t.Mj$/$ 
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MW MIDI ftJ— I *lWk 

'mrn^i •fe#wfEt^ii^±3^i?,gp^2t-Pi±w^^o 

ii^it^T, FiWst^mg^Tfo + , “sss” ft 

lift^fgl!,, “nnnn" ftlfilifttHSi; “xxx- -" fP “yyy-” ftfStftMs.tL 

§t'^1?4 3 fI5'S'^8't'tk ! i#(bit) 0 “1” rtl ttfc# £h 2SW 7 

midi Mil, w 

,5^3,fe4^»iiiI4t: iffiiiiMfiii i6, 

If13-1 i3-2^tBTHPS MIDI M#M^#r®,5£W midi Mff,t( 1 . 0 JK) T&MM 
#, , MIDI fg 

m 13-1 midi i&fmtt mmmm.) 


1r M-S ff' 


1 

W15 2 

Note on 

8n 

Okkkkkkk fflfj 

Owvww 

mm^ 

Note off 

9n 

okkkkkkk fllfr 

Owwvw 

MMmmt jS) 

M^l^lpHlrOiyZ 

Polyphonic aftertouch 

An 

okkkkkkk ilfir 

Owvww 

MIsSti ft 



40 (mm$w 

}00— 3F (©T) 



41 (itW) 

}40—7F (?f ) 



42 (It^) 

}00—3F (if) 



43 

}40-7F (Jf) 



60 (ffcjgiififl) 

7F 

7hit&®]g/5f£ 

Bn 

6i (iidgiifjn) 

7F 



62 (7fe£^#m}£ff!lJiS) 

Hfftftz 



63 (5tee£#:B;S$l]§§) 

llfiifi 



64 () 

fifKffz 



65 (E5££#gMiS) 

fRrfibfiZ 



79 (SififtJ^f^fWS) 

7F 



7 A ( zM?lf$f)ilJ ) 

00 (f£)/7F (JF) 



7B (ffiGWm') 

00 

aitfiit 

Bn 

7C (£MiitH5t®f) 

00 

Channel modes 

7D ( ) 

00 



7E dE^feflst) Oiiitf) 

00-0A 



7F 

00 
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itAAft 


Program change 


Channel aftertouch 


Pitch wheel 






iliiilpjc 


MIDI BthUM 
1/4 






Cn 



i 


Orrrrrrr ( ) 


Ovwww (JEEifuflL) 


Ovwvwv (JRffSfii) 


13-2 MIDI SSfefg.il 


(Safe) 


ttig^2 



Owvvwv 
(ftiwjte) 


ft A 




fsM: 


FO 

F7 

r^iRBije? 

£ftg+++. 


F2 

orniiii (Sfftfe) 

F3 

Osssssss () 

F6 

— 

FI 

tm 




F8 


(/jN^m) 

ms 

F9 


FA 


mm 

FB 

MIDI 1.0 

f?lh 

B Stitt® 
mmiiL 

FC 


FE 



FF 
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| SH-HH I 


1- Local on/off) Q ^pP^SiSaSt^rffo ^ 

u , i*w£i§ nj&ffl s 

MIDI OUT pMlB; mmw&rn 

MIDI IN P±&Jfc§!]fcj MIDI ff,g, 0 




&j# & s 


m&WBrffiAn note off) 

sjPXfSiiE^ midi 

2. ^aii^^a(Omni O ff)o 

EBBWiliiiiKlSJdSWaSZo 

3. 7ffiillfl[:AATff(Omni on) D MIDI MZ,S 

4. Mono mode) 0 ^^N^iSAEjESi^^Rtb^LB - ^—$7TlA 

£ti)Poly mode) f^MZc 0riB£#fe 

midi mm 

±o Wn,^77ifi^fife4,g^st ; t4'RWfe^^IiJWW MIDIiiif ±,i£SEiftiiiI^AA 

«iiii WtefaJ5W1lU± 37Mo 0P7£nR7f§7 16 

KiS JI^TTPA^ 167 midi iiitiftg-7»-#^fe= 

RPABM 16 Jfcg&feftffi. W&L' 7, 

^7!®jixi±i5tB 0 

5. M btIMj^ Poly mode)o MIDI SItt7P0\f^i±j^-7 e§7Fo 

WP MIDI WfB]5ifOS#|tte(Sample Dump) 
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MIDI OUT B#£H,ff57MMIDI THRU 7ft 
I'pj[Riiif# M&W&MkVk&tf'} MIDI OUT MIDI INli.iitffIK 

FOH Jf*&□ , ^in HkJ f?iFJIJffi( Manufacturer ID ) : , J 
£/7£fcig Miir#C WfeM , 77 lilM MIDI Roland W ID 

4IH, E-mu Gfj id W}%> 18H, YAMAHA Sfj ID {3,y^43H, Kawai ^ ID lP!:Xj40H ^ 0 
% ID mB ^Mlg^TU , 7 MIDI 

$&&&&&& . -j&m 

min Mo 

MIDI^7,ES*jTTi? ID ft3 

WffllsIXlD: 7DH).affl#^Wfsl.(lD: 7EH ) TOffl7B'tftM( ID : 7F)„ ITKfflffl# 

MIDI Etf|i»i 

MIDI £M-£fa&#M#nifJr3§7 

(Mi®® u m& n 

BH PPQN (Pluses—Per—Quarter—Note) ??1 0 fJl. Wt'ffliZ 

m midi 

mm midi 

7MIDI«7717777ftM7fta MIDI Ptf^TU MIDI 
*=77 F8H, midi imidi ^ = r>MiDi Ntt^ 

-7 MIDI Bib, * midi 

7^ts*iw 

midi mm 
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| Jg+H* | 


midi 

5s F8H 

si$mia& fah , mi® 

m&° a fch ‘mtf,r m^it^mm^±m.mmx^ a fbh mxm^ *m 
m\m: mmmm “&±\m: ^mmLm±mmmmT^o 

'H£i&t r 1? FEH fP5fj$I “tfct” ,'E' 5 TlilS^S& 

,lit®300ms ffM— M 3&) ftjgifc5ffcf£M 0 a^jfp 

, -Murami. 

a300ms/S^L|^gi«Mglj-IE'tIf^^o it—MIDltfcJgW-.intBSET midi 
fatiHWfi fa, &apw£« wmitiMTio 


I^EftfflfgE^fa (Song Position Pointer) ft,& F2H Jl 

Sfc^JittMfflfa,aaPfMS^aiif^aiS&aiirStttiatt^iHo fa^Msg 


l^*i^J&i£ffi»fa&OTI^fai£#f^ “f(ftfemf^i§" fttU #Jin, iftftfaTfte 

lp]Jn “tfe®" 25/hIS.fcfcf 




o 


midi IPffilt,Hitbarif? 

ubi t a 

6M£J9 , Wt6#it&faSiiiK# 16384f-MIDI “MW ft 

m f 3 h fFiEa, Ei it fa&mafa wim 


•«w F3H 


midi w\'m 

Af Ifij® nJPP If a, t'i'fe “PPQN i5T,i$Ji “lt®filSfa> : K^”.PJT^if;&ilf[i : f ;: ^ffe)ft 
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I | 


urn* midi pBn, - **: 

BJaTvit” 

7 fflAt£z 0 zhi'tRilft'&.HMa Sin, &B-M$fcv S fttUl'^ 4 3 ,inS 

lia MIDI ,Sfcf® f:MU£H s£ midi %. 

ttmtfc.m\>JMTffimmmmi&. stro-'m/W wisoftfm^ 

ftB#l>ft“®:ftfiE»B^SI"o MS-t'NISEi MIDI 0^|iI]5i(MTC)&|&7o S MiDKl.n) 
#S7SIT®15 e midi midi 

MIDI (1.0 FIH 0 

MIDI Wfll«5lrl1^«,S-|tj|1(fifflte SMPTE/EBU MIDI 

MIDI midi i&& ; &n8&«ftffs§0fig “ift 

ii±iHl:W SMPTE/EBU 

A.isfr^buS 

midi 

i£&xtm‘\m 0 

midi ^friciAo 

TWfgm^.stsw^ssgf^iw^WTo .sp^rsss 

Mtm, %mm -. [ mmm - && - m 

S ] [ WSl - ii.^ ] [ !ifir - iiS ]. 

AJMM 

midi 

a$fejs^l7^ : 
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i jg+H* | 


MfeftM; 
ffl fg A; 

mmmiE.mui 


lilts A 






midi Sf§i!^j£WiiAW^JSo 
®mmmfa,rt27j midi 

(), - t^Afign, ^tai, 13-16 )„ 



ffl 13-16 MIDI 


iz&mmmtiuT: 

& s M .WJ& ,&« gWit,& 0 it#® #*6 

15 #c&fefcfeS&&* 

midi 

lil#flt midi 

MmM i~ 2 ^n 

13-17 ) Q 
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1$-#■£ 

® 13-17 MIDI 


midi 

&§im^m#sew midi sii±M». 

mw/mm ,H'Jii»gin /mm 

/L^—'t' MIDI fiAPS-^B'tfi]f^—MIDI titfgil^-glWR 

Ai+BtTL Wit A o 

mm hmm^m±m±nmmm\,n&mnn k : 

1 . s 1 ^— ^p5ii±iBf:B'!ro]fi^g.i.. £»|#$EW[iiWgr^-o 

2. midi ©JU#J.i£ 
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n> &Q- 














I m+H* E | 


3. 

j5i+^/U@l5(€65 midi 

^M&tylfkertyLta 

4. midi 

mmm , , «iu&i^s3?o 

bU^&±m&JWft±WfcM~-^mJLm &(Audio Station), 

m MIDI midi fggtilfi5# 

ft^'C.” To 
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3. midi ff^^fs^-^^sEso^f+A? 

5. u m^ , m&&# 

i&M? 
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;+izg$ WzmFmtft 


■■p 




(Voice organs) 0 

-ftifcg: , TO£&*»MSE, Afr^ AS£{£-□ g % tflK ,®gfn 


021 


(i wtis, j&&s s m i m mm a , mtmA^\±\ \m& 


win* 

a* , g'SH^ns^a 

fflS^ . AlWffl 

SEtlftMH, 

AiA MS-AftM,*AA^A#lstASA^#f*±,^IPifi3A^ri^AP®*;Aia ,Rm 

u ^mtm" w*s 0 

+ o WTO , l^mm.% MK , 

mxpwmm , zm m&m* 

TO.MrfDSfcs^fo 

I^^fni^JW^M^fliiJ, ffi )^f^l 


fe,w 


14-1 )o 



14-1 A##-f 
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fh£r;¥^d1\¥¥^1j' s TO. 9m ¥ ¥ tt#® 2f*«, ’Mf] 

‘v” ^i,i^t-tf!i,wwn 5 a v u m 

S”,»“¥If’« ¥^#^JS¥±T^ffl¥^¥6^IS,^±^fnTfto TftiiMW 

TOM|^I|#‘3|j§ d TOM«:& 

,»TO6¥¥¥l/lJ¥«fn-M«. ¥ / Hi , i¥% ; /TO {f¥litl«l:fl 

TOMTOM 1 M 

Mtojfsiim. ¥«^a¥«#rtf®j,acpfmti^#E3i±^i/iSo to 

mmmrn^o mm-mrzinmm 

l¥¥lTOf¥8(iaS 14-2 )„ 



M- 
T $ 3f JI1 


#4^1 


£F#)!R 


ffl 14-2 »£TO«ffl 


“¥'Rj : (Vocal cords )3¥^i W ¥®” ( Plica vocalis), (Vocal lips )‘i¥¥¥" ! vii'" (True 

cords , ^Dfg¥TOTMlf MMMftMTMM. ±® MTO “fg/TO” ( False 
vocal cordJafcg*^" (Ventricular band) e , pf 

m,TO^5EjtWM¥^A¥M¥ 0 TOTOTOTO«,MTOi7ii^o 

> mmmvfr „ fg/^roiEt^ 

/TO, MITOMif fiWITOTtttOT^ MH » W‘ ft±]' h]DSP l# “¥l'T( Glottis), ¥, 

^T=fW®L-ts "'•*.$[■¥!' (Ventriculus laryngis),¥f-l'"(4 

^silP/EK;^” (Ventricle of ruorgagni)TOMVs; V'ATO “¥/&” MU: ‘‘ISim” ,&§ 0 (M 

®14-3 ) 
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I st+ra* «nsi 



is 14-3 


IWEgM,®¥0i#«Al^ntTff ,P 

tt&wmm&imm ,Aim§4« c mm ,«msij As&Mjit^rm*®,»«w 

Wffig«±®.tamm,TMwm, mmim,ffikMFnmmt « 
m ft, , m#T¥, X^f&MAT IASI. 

®i4-4M.a®aMfmttMiiJ^¥^¥ffl(^¥)-*7JK5£3»1-AimiA. 



® 14-4 


H . frAlE^I§MTfS 

mmm 

®i4-s¥ 

Wf m wxpia, rmma#¥ m g-#ssm 

M¥fl!£ v#K , ¥-B$, n maM^—^\ &5 
A«o «J^mnWg«#§iJIHfA 



IS 14-5 Iff 
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Mo 

mtlAWo tsgg^iiEtj^^Mfn^IlSfliiJ, 
^M^iglSfa-fcftfaasS. ®c1W.#SAt& 

(ms 14-6 ) s 

IfKAMAi, 7' 7" AfMASiiAff! 


£$?£&@4 ] MeW4 i 1&TOfS&, f£w. 



±mm^m.MMfc a mm^mmfM&AtBtm-t , w-^mm 4~5 
fW7St^S3.5~47±iBi,^3^ 0 
(KClX'o 

<±mmmmmu'. 


IS 14-7 HJ 



w, , mm^mmmf , ^tiarw 0 m04 , h 

WrSRjj^Ata A, MattlM AWSSilttfSAjo J7iif47R«I, 




| ®+eg* f*ni I 

ms , tiijzffimm , \>i^m^ 

wmxmxmo 

JFP^h(^nE*l±,tll©Iii4-8) 0 hk'&^-MX. 

mmm&mw&mmmm-w, wm >\ mm § 

mm&\mmvm.o 



is 14-8 

mm f§ ^tn§IS^WJE^#^^PA®®:?iJWo Hilt^EW, 

, ASMtts^, 


i~v mm&pm* 


mm^mnm ^±mm\, e . 
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I | 


Hanslick, 1825-1904 “i= # 'tW^, s£ 

BP'&zfc&ftefcg^ffili”' 11 . M£ft>gJ£±i#.s.4>r-£ s^fn 

m§>pz:\'mm\ , ® t 

T JS¥ TO, s^i&st^-# g ft o 

“ifcl” 


w w w, x&m utoju^if , su&-# 

m mss-t#), Tmmsamm^crm^mim^mm^^-mkw ■. 



® 14-9 i%tP 5 WL^P^m$tm 


^ 3 fe#JR«o 


[1] yX#f±3t: -t^H#^#5fctfiX»,#i'^#,AR-t-^iii®ttl978#-j&,f 57 DL 

[2] tipfei® f- 20 #£ 70 4fttt£ B MAfcfi 1 *# Rap, 6 #5**4# ft* “-&" #?#«$#£ 
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I m+Es* f&ngI 


3. SRnl^ffii5®ig^Fg( 2500fM!A±) 

7iJ (Singer’s forniant) 0 S ’^tlEi^,^, 

AI£ D 

&g5ktfo% “i&*}m n (Vibrato), 

“W <£ “M^A UfiJiAfn 

®^iW ; &^#±’ 5 TLy.^ffi^7—1114-ioSA;^]^—'t'^c 

mu* 



is 14 - 10 +, ±®«ma^#^( vm )»,t®^«() mt* ®a#M 
gg 600 m&ffinm¥±Ti&M, 5-6 &, wm%sx& , £® 

96 # 5 >(100^) a 


[1] *15*;$: (#£>.AR;*#lbJKft 1996*ft,# 297 ir 

[2] |6]i±#[l]o 
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fj>E!H, , [fO^H 5-6 #j>[X|0j, 

AMITOIfc,r-£M4®&a# 0 25W 

fftA &3fclfe_t&. Jl# 0 

Al£. ii^lt&T, j&AUMf&M bo m& A®, AM® 
S 400 IMA®o sfcAAAi^,VW, AS£t— 

t/ll,fii|pffll®fffilfll^o fcnifhf,A^iJll«m^-^A)f,ijll^it 

H 14-1 



m 

f! + 

^r=i 

^ d hA^ 

AfK 


At=j 

m^km 

(Hz) 

72-288 

88-352 

104-416 

128-512 

160-640 

192-768 

240-960 

288-1152 


^*#-«atSftn|^«®*BiEiSSffl^S^E MP\K( Xffc^E) fnATO : f^E 

TPA#m, WmPZffi PAf I® A® § ^. 

AAicngo 



“«#KSW" MiB 


“W^-imm” -£#tws«,iMf “ir^w ®aaia 

s©ft^MJi&» rAA^TAW, WA® A, A AAmJimT^A = “StAAW’ Jifii 

\hW(± 2200-3200 n 
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| m+E3* | 







H 14-11 


® i4-nSf^AMM,m®iF &=Fwmp 

£ 2800 , g ufa 4: njf Ja^+5>BJ! M 111;1 0 

m n m. * *.( A PP ei man ) miaa, 

H'K 300-700 fME fa] lA. ^Zl'ME 640-2200 M& 

ElUrt,^H^225O~345O«Ml'0]F , go \>XBt%JZ%&?*±ffl,jm 

% 14-2 121 = 

*14-2 7^7cWM^mtits 


-n-233- 

7G m 

/i/ 

(ee) 

/I/ 

(i) 

/e/ 

(e) 

/as/ 

(aa) 

/a/ 

(ah) 

/a/ 

(aw) 

/u/ 

(u) 

/u/ 

(oo) 

/ A / 

(u) 

/3/ 

(er) 

hUSI 

Fi 

19 

300 

375 

530 

620 

700 

610 

400 

350 

500 

400 

k 

400 

475 

550 

600 

700 

625 

425 

400 

550 

450 

mm 


m 

1950 

1810 

1500 

1490 

1200 

1000 

720 

640 

1200 

1150 

S3 

ri 

k 

2250 

2100 

1750 

1650 

1300 

1240 

900 

800 

1300 

1350 

m 

(Hz) 

B 

m 

2750 

2500 

2500 

2250 

2600 

2600 

2500 

2550 

2675 

2500 

k 

3300 

3450 

3250 

3000 

3250 

3250 

3375 

3250 

3250 

3050 


-mtiLmmmm* , ii a* m , up 


f 1 ] Sundberg. The Acoustic of the Singing Voice. Scientific American. 1977:236. 
[2] Appelman. The Science of vocal Pedagogy’. Indiana University Press, 1967. 
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^nmmm "'„ Hitt,w*#*»f6iM0^,-t$fc»^s^ 

1. , #mm&o 

2. »,xtr 
mmmmmt v fowM-m, 

3. imm.m > 

mwk-m 0 

mmxmp^m^ #■( sundberg) iA^aa^EDis^p^iiiS^^^&a. u 

\m o ^□ »jN 0^t , s-t*»ii , *%&Mm 4 1 2 m\mz^i£-^{ir.m,± , s* 
p^mm-, ^ nm&Mi,£im-^&mm{timjB&, ^g^j^#-gis^, 
M^/^PJJJE P»I&JP: ,2 'o □ ^M«±££PJ JiSt^T^iSii W-fe 





IS 14-12 ffl DA>f &«*##*&***ffl 


[1] $?£&%: (<PW1k’B&P1t%J*i-&&6lllk#m%>,{*:ZVf%)l996 $-% 2 ffi,$ 80-91 ¥. 

[2] Sundberg. The Acoustic of the Singing Voice. Scientific American, 1977:236. 
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f 


w 


h 




/ 

Tjo 


A Ji&L 


fl>) 


&■ 

”4 


<[ 


(0 


-JWMfr 

/WWV 


M4 


(a)ttlipfS^f; (b)imAA (c) imAA#=s& $ W 

fi^rtigo 

is 14-13 




mis « oi 7□ a 


-ji&m 

#ril“"Ife",S^iiTO W Afeo Am&j&mzti} .H^AMAiArfds ,&^N, R5c 
W At^m«iiG«W^ 0 ifAMea“M 

^TOA&^iS, ®?>I A^BKilA Tim a g„ 

«i#3$A»f^Po 

^#T#(St.Sylvester,314-336 )J±^5, 

miLn-mjE5Xfom%¥&M*m^, mxxmmmm ,snmmAAMpnM. m 5 & 
^ais, fflfi -p 3WiiA n I 4*ttSE^SP, asam 

&■ ^B i&m&M&Wtma 
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mm.& , mm asm® , i 

“lit^SKA” ( Falsetist )jftl “FSAitA” (Castxato,MA^'J A hackly a 

jsbkaa s mmxmi&ftt , je^ s^a^mjb?, i#?pi£m „ is 

,miichmm® , =gmm , msa , h itt, a 

Afgm##P*Ai<:#rfnfA HiiJ^Jxl1SMT-f^?u.Bg^®1#A#&t)M; fifrtHA@c 
A*^/55fe1M1ffiM4>W^Bii'fefe.i^i^^ABilffeWSiJ^Ao isM.M 
AfcAftAMWftc, t@im«AfiJ§¥W4ooo^t^gM^iiJo WtHfcMfiiftiSi 

^'I'lt^AII/g— UlM A®feA^€#JA Alessandro Moreschi, 1858-1922 ) A 1913 AAilfAo 

K 20 S TMM Aft A## W^ftM®f4o 

0 18AAB&JSJ 19M4 , ,#|j s (Bel Canto,X# “HUT A.aAfJ,^ 

AimA^-f^ATO, i£A® 

^i&^AisssAtf&BAIA ^AflgliPAiAMrfn^WiAlASMgfe 'feltaft 
mm , MATAMAAAjA] , ABilSA^K A, ies&wm, Wr 

I^AAiAtSnAA^AA.AAfiliScaAM; RMa,P±A/i 
Bflr, S1£ii&, j&&—-MfSiKVlIgfc A0 WMo 18 ffiSIWi 19M, Jin Witt 
u n±mv 0 A^AAEi5Wrt3feffl3I±A,AffcAiiit1ffiAfto *AitAPl£gg»^P 
AAMatAAMMllAlAA^A , HittMAMMtSAAAFMfeo 

AHJt¥iti£^AM1A «Jiij«PJ7c& * £*0r*W <"lit > 0 *+-15. AA 
#, , ft® m s, trn , a# , * Mtfa , n D n #, a# ^in^i# , 

,iiHx^f^»®, x^ 0 B^t a® Aims, &mmm ., aa, 

pfczxmmmmn&wm 0 t 

aw^;, a ^itAa-^is& 0 

M Jl A^iMAAiPir, M tb&Ufff, G&rn jj a 

TODiixl^fPlIi^M “AA-ffi" W^A^mjUB@{UAA^AM,^Z*^«^fniP 
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| B+ra* | 


Ui¥i5tU 

, «esij 

^M®®mft®as<A®, IsfTf;#^#*^>, . &^2o^ft$<feF^£fc&$J3£M, 

“g” ^-f*,in±»D:#tb^±* 
mn w a jtb, A«»n-#t£ mxmmm.mmm 

PA^EM 

fcMt&n hA; AAKSo 

AK” WH , “Wl” “¥” (Ponticello ) D M “#f” 

ny^Ef "U 1 IH-i A iRM-lcfLift ES a ® iAMiZ. * o 

i&AE®^ij£ft®AAA^c, %— f4 I, ? ; i^iAA®H : S'fKfn]i^BScSrftln] / fK,R®—■1"AE; 
M~#a WIIWIAife, $L MiA A^A®iiPgh£-A AE, m 
D H#A' ; sgt: ; t'^ii>^KW^i^,tiiSil:b^#i^ a glEftAAAiAAWHAAE APiAA®#® 

(Xft‘‘ISA M XAlA” (Xift“A 
a” m u mf" ( “HA” a mH#^iA^®wAm,gp “A®” ft “»” 0 tmn 

Douglas Stanley),?£ffft&tJUIr> (Your Po/ce)—AAft: “A 

TS»(^f ffiffllfi AirAf ffit .tiRtffit^Eo”>" iifcSiAA^AAElilZffiAA^® 

SI&A A J&) A .ISA AE ft AigEitfA^ft, fl AAEftAiaR^—ft tWMAi&A, 

sScAi^-ESAigR^APfi^^-Eo J gMftAli^M^ttE®Aia®aft?ftf£ftfA^^b z F/I 

ALzAo 

ill®Affll/llAlSftE® “Mi'/lS 1 ]” (Heavy mechanismlft “Ixft^lJ" (Light mechanism)® 

itAM&AElRlM: 

foM.mMtWMo Afta±i#,iSt®Efag®^ftMMAmjp®ftmftgftm&®AEft 

wmitj&c “g 

M”, A “AAE” aiMAAihZ; “S 


[1] C^aWfftW 1998 *Jfc. 
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WK”attwMz«(M® 14-14) 0 

m w , bnmmmhk-mMt K msr 

M ‘W£” MfsMo 



a 14-14 

a 14-15 



[1] W. Vennard. Singing : The Mechanism and the Technic. New York: Carl Fischer, 1967. 
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I m+mm I 


a^aa^aamtaa: ww»MMMAir^0*o toa^aa&a*a 

ft^A^AfPflgAA'lAiAif'A “WA^SH Costal breathing )XAt “A)A7 I S”( Rib breathing )A “HI 
AW’ (Lateral breathing), #9g “HM&ffl” JP£ 

ifev/JST Oi/AnA' CiAAi’iiJ/AliiA h A7^74i, : MMiftAf$#Att^i¥®i:—# ‘Wt 

"SgAGg-K.” (Abdominal breathing) JAtF “SiA^AE.” , 18557 A 77 ft (L.Mandl, 1812—1881 ) 

W ,i£®—SPWttttfi 

#71SA$E±: 

AAfETjEA; 

£WHeA7Wni)lA#tM 
mmmim.%, , i®»t, &*+*hi 

&ts$s.fi KM.mm 
f»fiWMo 

A, , MltrAll. MAi* 

#[6]a ,is ]±atm jg^hm s/uAiHiMMaiiiAi'H]AfAiJio mmnR 

x7»fwwo!)Tai: awtij, 

(TEA/io AAiAftf^AAiAi^A-Igl/lfn^M7/ft77Ti “flSjIgAB^fA” (Rib and abdominal 
breathing) 0 jib^h, AA#01M'/7W#icAf^, TSilTASrti 1 ] ^Allft'KC Aif IA77#7ffiTi7A 

“&» ami” R^-f+am a tmmm, g a A#fi?§tc 

mm.% i, amt ato, si» ats a w , 

ASTANA A 

m MMlTAJffiTAAg^A 

ASA SAlTbA,afeSffili,AHAl'0]ASit#AstA^»A^J7,Wa 

f>iWT‘T*r (fflA^flfAAi^ 

saij^i) mm a ,mmmmm „ 

1965 77:#. A A ofTi: < &7 > A ,^$t ] IAAA^:A 
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I sfflii I 


—'K ik 1966 WffpM < )> 43 , 

“ft f” ^04Jn±pgw»¥ p i^7u^“u" &&&% v # D 

±® P¥ p iE»^^] m , mimmB mw 0 

msv 4®®£ffl^S*KE 

mmwft. , ±mm ®m$t, 1 mmm^n 

AffiA^lsL WAWSAA 

Iflslffi: 

1. 

2. H^ B Hi ; iW^ ; H?] : ^5fl : Ai; 

3. H^-^M@U^ ; e?f^®bb$^5JF^Lc> 

pmm^muftmmttimmtft,ftftm&ftummmmnrftmMihmm a 

—„ ^ $1 %. p Pti P ii % & 

n® “Bir, 

w. “/]Ni” ‘W w#^fliJtbMr,f¥ra^^ 0 

®{|'l &tl fiff ft AM, I 2 3 e ^t\ 6 #-( Sundberg) f P^ A^ ® i i AAgt 


[1] */Al: <#J*ttJM»)Aft*#tbJK# 1986 ^,# 114 Xo 

[ 2 ] fti#ft;jCiB!l £**&#: 4 £ g ,£*&( A X*# I ^Jfc(=ti: )Mm. A 4), Jl# 

(#*X#^£(4XIL}8A; £**&#: »].*#*(£ ft #X*teg,$*fe(l? + 

*>,ffAlfff-X *«<£ + ■#)9 A. 

[3] ii*: -ffcg Sundberg»,«t^«A» 1993 A# 1 ^ f 66-73 f 0 
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I m+H* I 

^sn^T^jS^wftas. «^TOm«^+, mm 
Amm° 

%:PMm , tEfltiMtfffiMfttft fftm Wj^h , 

Eg^jtTM $&mmm n^K wxtttXo 

i. mm, “t” fn “»” &&m 

“xx” mmnmw, “t” 

14-16 ) 0 



ffl 14-16 t% ]j£^Si# 

“ t ” &#: “-~ b ” 



ffl 14-17 tfflfcPMM 

AM: “t” M: “£S” 
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\>i u mm" (jc#a) 

m “—t$U[” (Tc^i)^j: “^rtt••—t” 

3. ang.ongfn ai 

4. 1 2 i a&^^m±^m^m§msx “&tr fo 

“—bar t ,2g#a®^M.ffnje#iiMifi 0 

Gmsm*.m,4n*ffiiw 'vw “n,t-/r “mw “« 

*£±3r “«g@Tffi" 

LijS^hTi: h 1 a,e,i,o,u; $&jpiH^JS-S^WIi- 

^M^±.mmk TJ±o W^iftfT^.W^S^SiJT 

I'lp 

mm 9oo . #tb \>xnm ■. 

S .4* :a>o,u S^TG^^J “«”( *SP^3£jt )»-?£. 

ffijea . 

g!, a x e > i, o Ifi^RIn] ,ffi] u Hljlt!£f[£; . e , i 

gg^Hifi, a , o gt^ , TfS u fflEgMiffio 

lEmttpmw. i i&m m /\&) mm^ m^, mm 2g^< gsit) 

iig^ta. 

m 14-ibm 121 = 


[1] rn w tb t Jfc#BE* JJs* SMfrS &#*> + *«t«BE=-ft * ft ff *J»fc4fcf£ 

[2] 
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I *f»j m I 



ffl 14-22 if 

7C#:u 


.fi£^EJE5l3tW 

3&&f£n—.JllcM^li, Mf MHJMI3— SSc&o ft ftl£§M£7tt 



IS 14-23 

J^:£+t 7 G^:a . *L&& Hit#^: 
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I m+\sm f^ng^wss l 





1:34*6.WHs S7.99AB K:4313.96M* 52.UM 


ffl 14-24 

7&^ : a “£J£Ji4l Hi# 

X'zmmmt , 



r^P: W r, t: a Hi# #$E: ##*£2? IE$PiS^+0 13 

, mrnn^im, ^ w®. 



ffl 14-26 

7n-f:a «t##*E: M F§ 
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□ m , , itz, m 

^4> JS^E#initbc 



ffl 14-27 

:!!+•&■ 7Ct:a £/£j|§3: ft «if#$E; Hfe 


, w&mu , wse 

immmmmmmfco 

3. ifnfi. 

^m±mmWo 


= .3SJM£*fljMFJBiSW tb$ 

) \>mm.p m‘rmt$p* : m&2Ja , fst«#OT£^m= 

i. i?Mmi^mm.mk^&tt “it7*®r ,i£-£-^it w&P£*t 0 

P&. 

3. ^ tu , /j wit 

4. ISffi2500-3500 ^ 

, — Jl§7± 3000—4ooo KEfSmS, 

, miikmu n%±m w#p = m % m 
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I m+E* i 

a&m.ms u w:&mr 
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2. “SiM” vs,? 

3. hkn&P¥%&m,m% ‘ms«^r mmrnmmm^. 

7. MPfM^tf, 
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AJ\ 


APA^Sli^o ^f+AaA»t^WLb^^Ar*Llj#,rfnf5»^W/JnJi't^hBSK 

Fr&fcm, rfnatMw^m^JiffiTF^ A^afrri!#., 

m& “RMiOTW^A 

m , ATI¥£lWia Af£m,SfcA&£®ffi§£fl(MSA^) A^J+ML HjJrb, £T!¥ 

to1c15i!.B£!~A: Afn^^fE^^^i^P^A^PiHf'FA‘‘"llA^^” (Room Acoustics), “FT 
( Hall Acoustics) ait ( Architecture Acoustics ) 0 , Aj^^ii^ilPA/E. 

A^m, a A^Af&T«A^AJTSifi^k 
M£AAM^Ifflt?EM^Sr^£ dvd tJ B 0 

“^I'hIh 1 (Musical Acoustics 

of space) ■-is?, g mm. 

l. ^(a#JS^±SBF*SP*(5]ffli!l? BiaAWMfa^l'BmmiMT 
AJAM: 

^ A#tt , lAK.^ Alt®; , API^I'h] AIPI o 

A D S^fnPra^lf c 

,^AA i*# ,iA# ^1 y &mm ) loARtSW^ifrffiiAo 
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I I 

(4) Mm mm ) &, jlm m %) & at* 

^ffiKWWWo 

mm*%p %m&ifm □ 

^xxibwxp a nmm , m%-mm m^iwi w , se : 

(1) BtXtME “,%A” tiiXtIW “WA” JPXmtWS 

, sScbb^'SJ-'fe Ai§o 

ni^m, g^ijx^xx , mmmmm ^mrnmm^ 

(3) &&&&&*&£&&%> . #^r apimSo a-ffirit^T^aa^xsii]^ 
m&w i #; *tx 

aX^tBJPhbiRL^Tii^“&fe”«; ^M«p, 
m \mmto 

3. iliim 

A(Beranek)X 1962*fMtt±i1£ffl 18 f+AtXXs^XWXX&XSfXXX. AT^X 

4 J ^M^10# 1 ": 

(i )Mi. 

Mtl>o 

(2 ) xm 0 mMM ^xi^s'# 
bb& “XX 

(3) fisiiio xwix*xx^j!iinx^wfs# 0 Jim25om^\>iTm$x^Mwmi$L 

(4) ®M. X^*X^&ffWA'K -lSXi^,#XX^^f0]XtlAA,XP3iJ 


[ 1 ] Beranek. Music , Acoustics and Architecture. New York: Wiley Publish House, 1962:88. 
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( 5 

( 8 ) -pfix^o iiclXjFR'$¥ ni&vFo n ^"F 157^, i¥"tf: 5^7fc : tS.rS]|^JyZSSy'i5; IO 7 R 

do)®#. mmpi$L^20ft$i o 





^££fefl-^5fcft£c&, W5fcMAiR-S5m;£(ft£»£^ 


mm „ », &g&FTmrmm, tmm 



s 15-1 ii 


0^50$#^ 

W-^SHfil^. 1851 ^tb«lfi«II^»fSfaSZ(Haas EffectMik^tB: 

wjiri, 

>fK'®fi6'7>zbbP3ij^ : f$i I |n] ; H fea T^F 1 —'t'^^rFF&W^l'Hl^fei^.Si'fe 
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H.fMtJ* 

#r»R^&-£*g s w-, 

fe-fcW, , ftMmtfco , 


•fnififc#- &&ir-$:#- 



ffl 15-2 

ra,M^js 

-fafcitStbfllJi: 1.618:1:0.618 (X# “M^SUW )sKl:V2:^ (*fe£fcbWo ,&£,R^T 
WJ W£ISifti+o 




Sabine)* woo^iltilTtt-^/iP^a^fHJW^: 


T 60 = 


KV 


as 

^ 4 I , V&ffii 


mm , a mwmfIs, s k 


[1] l/10 6 ,gpf HfrZ.- a 
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| Jg+2L# I 

K~0.163s/m o 

,#5fc/f WiiifflWlIHiyJc&o ^&Ff 6^1 WI'bH 
«AsOTi2# 0 1.82#, H AABS “^m n 

ff^mmmMmy32fj>Mmitp^sff^mmmm^rAfj> a 

, m&f w£ ms/t , m , p 

k a^hch,, 

m^,\>xmi}wpmmms a 

•fc.RM# 

W^iT, 

Fa 

a=-^*100% 

Ei 

iAAETPAitti MP&M a (>~i.o All],f^fSJiAA 

A.iRWtt 

a .gffii ^7LEW^o , SPf£^-#M*4, 

*h=s,+ 

9&m. , 

A^JM&®RWa 

MttfpW,l®l«IPm AW«^P,WHAtiiBiA^llo AWI? 
J^i+if®«, Hitb, A^l^rfA^ 

ATfSijEAff 
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mma^msipmm,fcwtm iwi^ss^p wiifr 

ft “M”, 


T llf ^I'fajt 0^1 Pra^ Pra^R 

P/r®% , inf^ffilj, ^ 

“^mu’o Hrfnst^dtiTirrWi^WPi^^PiMfsiMo 

1. i^na^Ao ^#'5jpiiia^n>Wi i3 ^;''i : ii^]^tftAgA 0 

2. SaiSS^BMS^rftAo A-#/^ 

Mdj, 

3. EKAffAo 

Alfa 

±i£mfM#1#8E, Ai*n Aftift ,APi^A A “£AA" ; 35 

3#1t5£,- -»A “SfAffA” sic “tt*A”o ^±,S*Fik^Sil^AAMAPfffiJ= 
^a^p»*a m , m^WM%p,f^^Mmo t wm>im- 
4^ A A P§ A PraS &ti H i'fe ^n A/i o 

“.PI^IrI® 

ifiAlfAfe&AfkA E r ,ig£tpgSWffSiJS-^lBlAWAt^A e„ 

t£r A: 

_ £« 

T £o 
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I n+zn j 


&M%) “PiJ^M” "Pll” TL: 

^=7x=ioi g l( ) 

T 

125,250,500,1000,2000,4000 *M.4; 6 

IP® R fl3fc^®;KPi^fe®Pi^tM£o 

2. ip-i|iia®Pra^o iS/pI^Pt; 

Pi‘giiH ; f i WPiP*S50~55#-WH.T^ii a 

m^m^Mis. xxaMiramM, 

3. PKgiiKPIR, 

^aa^gftfijmnstt, s * m~mmmm-Mu\,&H,m ®«sf iji«®m , 

15-305>UL Sitb, 

4 s , “SB&”, IPftPi^lto 

s^p, , mi, mLmmmmmmA ^ 

30-50 JMP 4 , W'^k&A'ith , PlS^Pi^lL 

4. ninSK14 0 

2-3 mMmu'czsmmmf ,m§ ifwsjf-ffiMttr* 
n®m niirax^t 4 , wBmim&o , &m 

t-^ll,5^PPSgEs£*rf 1.54;,®TO®X 2>- } -}j¥<, 

5. H®®«Pi44»®fPlX ^«±JF#n®/a,*Xn®64Pi^bb^|gM,Hrfn 

^ffiSlPiJ&glt/K 

5, ,®®® 

_ nSi +1252+735.1 
x= S1+S2+S3 

0 rE&Pi^Jfc R 4/: 

R=101gi(dB) 

fgi£^§M® ^I=50 5>m,®« 5 l =20nr’,Mii±JfT-Xn, /?2=205>H(gP zW 10®, 


235 



I I 


®7R &=2m 2 , Vr^Jrit^J , 5fcR T: 

20xl0-H2xlQ- 2 =91xl0 , 

20+2 

i?=101gl=101g 9 J 1Q ^ =30.4 (dB) 

BPTfntbiS^n*IP1K720M. da 

6. mmmpmzmc ^«M§tMWi:mpf 

,bp t=i 0 immfflm&xr??m rr-, 

i/ioo fij i / 1 ooo BJM, RKHH^^:ic^P$f£20~30 ft M „ Hitb, , 

7 . Pi^fp3/«§j^o 

#,HitbR 
&&-W *REft , IMa^SM^o #ffl^RMP?IRM^R 2.25^,/JvKffiSPs^ 
io¥^>it 0 

is &J/1 a 

— ,PSii fails 

TrSf:^® 

, RtME^iiMiiTO, m'm^mm'immmhmm , h®m^ 

f^RijfB&Sa lc^Piitfe@{Rff R, JliZixi'i'/^P^JSSj^^fii&ii!i-RI 5 M^#jRfB]6ilp(|IJt2fe^^,.' ii 

1. , jm&m M&mk*&mm , i 

mmo 

2 . s®±^iR^]^ii®±in^*M5ScPi«g jMk,mnm,mmM^m 

ilPIiMliio 
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~.mm% 
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mwm 'MftM , WM^fS, IIM ^M-Mifnit, 2 
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ah, a«f£A m^0, 

/frUtBo 

*It&tiffl “ffAir” ftNSo 

* 15-1 srfflw*amaisi^**siiiEra* 



ft AftirFlI^U m 3 ) 


8000 

^lAA JSIl.q 13 1 

10000 

Sfc@l > iT 13 hS!1 ^ 5£P|fI A 

20000 


iiij±£pftA^A/T^AMAa 
&&^fofrfr^mf?(mmrT)'fcZ; M(Pi)M*#(pi)mm> -mmm£&& 
ff wMAiaf m& , h&& i . 7 ~ 2 .o#mis a o w^Mm^mmmmmm&Fr , ^ 

2.05 m ^msoom^ Mipwraa-fcc &AA2.2 
tj>), 

a (5M, , *rw a* am , m® A; 
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itftll - “n$.^f£”, ^ir fcfr ^^ p if A, ^iMB^I'i] III ^Mz?bb 0 . 
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5.0 
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*Mffi AS¥ o w±i±AM LATI'SM! 
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£}th ffo A lH fft , sfctiSAs^ftilf fli® JAi£ A AJ0 ^ K) JP|| » 

Xf^gSTM^.-^S midi / «fl 
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{MJE^aatltte-ii, sAPlIiicfiiPJ: 

H—, rSiftMPlI&Si, — JSSAfiil 0.8 #0 

i-, aatba , —fisasii 25 a pi (lAtrai g Bmmwm )o 

HH, 
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m-ss«5o axaa, *m^&mf%ffiM a 

ttbbfeAXSIAfu A{n , S , ^iitjiiial&^f^®#^i4fTiiaS, 

1967ARJfc(Ray Dolby) MM , Q£$ AM#faA«fao R®OT UH^U 

^ Wff A, gp Xtii , XM , 
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UXi>:x, ttfMffilMto 
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b mio^W^^aS^asWo 
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7AA/idA 1980*£Xj£$7&bb c , tEP^M 

mm$m£$m, w*r ±m 20t>7, u 70 , 

i±bb c 2^MCS^Ml7Ai±bb b 

PAMMl^,AMfTttttSW, n a JW® 

Mbb c ^,{HMttb c IKfiSJSMMM. Mm cd HMttbb c 
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j'b'fi—"f'PI'FTb (Dynamic Noise Reduction)^7^,faj^ls “DNR” 0 — 

itd3s&- 0-^teiHfees,asitiff, tmffiT&fetoffi&fa $ 

r.tti ttfmpMm 
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ffi£M 
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1. Dolby Stereo: tttbi&fA^* SJeJST-C 1976 n - ) / M J ‘ 35mm 

7fC, 

2. Dolby Stereo SR: Dobly Stereo ^iSiSrSo 1987 ^MfeM J i. A^iPhciM^flty Dolby Stereo 

SR M^ftMfeTfe.TO Dolby Stereo J^Mttfcb 

3. Dolby Surround Basic: ftfcb 

P£fi720ffe80Eb7Kffl7n n n®7 
AAfft7«An n n. 6J?MJS .tttb^SAM R=f 

4. Dolby Surround Pro. Logic: ^iktttbJf^^^^yfeo ^JAWT/ArT" 1987 -i-Tltf;Hf?b’, 
Eb Dolby Stereo SR 

7-#^fi±i® , mm ‘Wt^nrnm Mr «, 

xm^rmwmfr, imm^mmm 8 

5. Dolby AC-3 : “tttbg^” (Dolby Digital) 0 AC-3 7 W AC M: Audio Coding ( ^ 
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Ac-i m ac-2 d ac-i iimAaAAms (iim> 

rfffiSn-tW,♦fo&JUBfli&t.tfcigbb#^ 220Kb P s~325Kb P s; AC-2±1? | 
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MMvftfu,m%2oB&~i2()B& 0 AC-3#5.i^ii^|^^f=^a^raPA/5ffM if 

Ac-3»fi»w®^5.i % 

^WS„ Di 

Ac-3*ffl7-#^ atc (c 
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PSWM*,iS^A*AOTAiiJW^Mf ,i.A^.iiiiJMft,tW m a a 

B .%'&%%%%£ 

B 

aE 

1. Digital Theater System),DTS 0 Ji DTS A^7 1993^0f&J£tBffc £ 

AfflTtbiA^^^S^CCAC: Coherent Acoustics Coding) A j^. 
Ao DTS P AC-3— 5.1 PM,i3J&&ttJ£Sfcli.% 3:1—4:1,bb AC-3 ^ 12:1 ^ 

ifflKt7A®Afjt7 ac- 3 , HiibA 

rfr&±A9^Hft DVD ®£M*iira7 DTS liMtg, 5£ffl DTS f£Aft DVD 

m^o DTs^M&m&fc* E 

2. THX i?Hi^nA£te(THX Home Theater System) 0 20i£^80^ft,iili!/ s i^r&^& 

thxA/ s, 

A7t^MEf , ffittbb^Eigif 

Home THX Audio A^to THX #7:1—^KpflMSE, Tfo 

M^iZfA^fs^atTit A WJsSffttS, ,Ai 

thx AI7M AA*±bb7[gif $fM j± 
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4. mmtmwkm Doldy Surround EX ) 0 ttbbi#^§S^W 6.1 RRBt, BP& Dolby 
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mi,mmmmmmm±iTa mtemmmmm «g 

JRfn! B i >: '$£& /il't-, ^iR,5.1 
^»i® 0 6.1 
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SW»?eBI 

(Hz) 


(Hz) 

'mm 

196-2093 

196-19800 

250-3000 

#>« 

131-1046 

131-12000 

175-3500 

-kmw 

65.4-523.3 

65.4-14000 

180-3000 


32.7-211.6 

32.7-8000 

35-200 

mm 

587-4186 

587-19200 

1000-2000 

&m 

246.9-2489 

246.9-19300 

350-1000 

y-mm 

233-1760 

233-9500 

300-5000 


155.6-922.3 

155.6-13000 

500-1500 

^fm* 

146.5-1976 

146.5-10000 

160—450 


69.3-698.5 

69.3-10000 

180-350 


58.3-784 

58.3-7300 

350-1000 


29-196 

29-2500 

220-350 

k B 

207.7-1244.5 

— 

— 

>E 

138.6-830.6 

— 

— 

tB 'k^ft^iMm 

103.8—622.3 

103.8-10000 

103.8-300 


69.3-415.3 

— 

— 

'JS% 

164.8-1397 

164.8-15400 

1000-1500 

' EZSBI 

61.7—689.5 

61.7-15000 

85-1000 

-fc-sf 

82.4-544.4 

82.4-15000 

82.4-2000 


41.2-196 

41.2-10000 

55-1000 

mw 

27.5-4180 

27.5-18500 

27.5-2000 
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(Hz) 

(Hz) 

32-19800 

700-4000 

196-19000 

500-1500 

80-18000 

80-500 

— 

— 

— 

— 

— 

— 

— 

— 

200-18300 

8000-9500 

200-17800 

4500-7000 

200-19800 

5000-8000 

300-9500 

300-800 

300-9500 

5000-7000 

200-19800 

1600-3600 

523.3-19000 

4000-8000 

200—18500 

1500-2500 

50-5600 

500-1000 

3000-20000 

200-2000 

100-11000 

1500-4500 


(Hz) 

(Hz) 

440-20000 

440-2500 

440-20000 

440-2000 

294-12000 

350-1500 

196-8200 

300-800 


220-19000 


440-2100 






















































































(Hz) 


590-3537 


220-1575.2 


590-3151.5 





(Hz) 

(Hz) 

590-20000 

600-1200 

220-9500 

440-1500 

580-18000 

580-2500 

131.4-8600 

260-3000 

440-18000 

880-10000 

295-19500 

500-1500 

440-17800 

2000-3500 

440-20000 

440-4000 

220-16000 

440-3000 

110-17800 

220-2000 

98-8000 

500-800 

197-20000 

4000-11500 

65.7-8600 

200-500 

98-10300 

250-950 

74-16000 

250—550 

50-5500 

50-200 

150-7000 

150—500 

60-5500 

100 — 1000 

400-20000 

400 —1000 

445-20000 

1500-1800 

800-15000 

1500-1800 

370-20000 

500-5000 

370-4500 

500-4500 

700-20000 

2000-2500 

400-18000 

1500-3500 

130-14300 

130-2000 

430-2000 

430-550 

700-18000 

800—1800 

450-13000 

1200-1500 
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®#«s 



B 


(dB) 

(dB) 

(dB) 


i 

0.55 

107 

57 

75-92 


i 

0.55 

109 

60 

75-94 

xtm 

i 

0.60 

110 

68 

72-90 


i 

0.50 

104 

65 

72-90 

m 

i 

0.50 

119 

65 

74-92 

-fc£ 

KS 

0.50 

119 

65 

68-99 


1 

0.55 

105 

72 

75-90 


l 

0.55 

108 

70 

75-96 


1 

0.50 

112 

60 

75-99 


l 

0.55 

115.5 

73.5 

85-99 

W 

l 

0.45 

106 

68 

73-90 

\m±n 

1 

0.35 

99 

77 

84-105 

/J^ 

1 

0.85 

132 

74 

79-90 


l 

0.85 

— 

68 

82-102 

0*1 

l 

0.55 

115 

75 

— 


1 

0.55 

— 

70 

92-107 

£*§■ 

1 

0.90 

124.5 

80 

75-92 


l 

0.90 

— 

— 

85-99 


1 

0.50 

117 

67 

77-97 


1 

0.30 

117 

58 

73-87 

:Si 

l 

0.50 

112.5 

65 

73-87 


l 

0.45 

113.5 

78 

83-98 


1 

0.55 

132 

75 

88-105 


(dB) 

50 

49 

42 

39 

54 

54 

33 

38 

52 

42 

38 

22 

58 

























































































































































#§&££&( m) 

mmnmm 

(dB) 

l!HR£J±£5 

(dB) 

£m$eh 

(dB) 

(dB) 

/jn?s£ 

D 

0.50 

125.5 

72 

84-98 

53.5 


m 

0.30 

118 

70 

78-88 

48 


i 

0.40 

112 

74 

98-86 

38 


i 

0.40 

105 

62 

78-88 

43 


l 

0.65 

122 

92 

100-104 

30 

m. 

i 

0.30 

119 

65 

90-103 

54 

'H$W 

i 

0.35 

118.5 

75 

80-94 

43.5 


i 

0.90 

132 

70 

85-100 

62 


i 

0.20 

104 

68 

78-85 

36 

m±n 

i 

0.50 

126.5 

72 

88-103 

54.5 






l§WSg£(m) 

(dB) 

(dB) 

ssttH *m 

H 

(dB) 

z^jS^eBU 

(dB) 

Eft® 


0.50 

112 

68 

75-100 

44 

■SHI 

D 

0.50 

112.5 

65 

80-98 

47.5 

teffi 


0.50 

113 

73 

82-97 

40 



0.50 

107.5 

67 

73-92 

40.5 

if 

D 

0.25 

99.5 

60 

68-84 

39.5 


m 

0.60 

116.5 

75 

86-102 

41.5 


i 

0.60 

115.5 

79 

88-102 

36.5 


D 

0.65 

118 

64 

67-88 

34 

fcbB 

a 

0.62 

115 

65 

70-88 

50 


m 

0.70 

117.5 

65 

78-88 

52.5 

BH 

i 

0.60 

114.5 

64 

68-85 

50.5 


i 

0.70 

112.5 

65 

73-88 

47.5 


i 

0.52 

110 

67 

74-94 

43 

























































































































































HMSE^(m) 

(dB) 

!!HK^HE£8 

(dB) 

^JEE£&?£II] 

(dB) 

2v5iS>£ll 

(dB) 


i 

0.60 

131 

85 

94-109 

46 


i 

0.50 

129.5 

80 

92-108 

49.5 


i 

0.60 

123 

86 

98-108 

37 

^SSk 

i 

0.50 

132 

70 

85-95 

62 

±m 

i 

0.90 

132 

70 

85-100 

62 

/j'*g 

i 

0.90 

135 

82 

88-100 

53 

Wl 

i 

0.40 

126 

— 

— 

— 

if.M. 

i 

0.35 

124.5 

68 

77-90 

56.8 

/.N^Mt 

i 

0.30 

123 

68 

78-88 

55 


D 

0.40 

108 

68 

72-88 

40 

sm^f- 

m 

0.35 

132 

72 

80-90 

60 
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ua^ 

ft (), 3 5> W 

() a mimmmzmm . fs^^^*35t m , Hitt, 
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, Mt-a^MSIft. *^if WPS-S-W W^ft^i-tll 

wps, ^mcrm 

“life” 
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MI 121 


TCW 


rim ( f 1 ) 

*lr(c’) 

IRH(d) 

a 

»?M(dB) 

>95 

>102 

>98 

M«(Hz) 

2000-3100 

2200-3000 

2200-3100 

•ll^rlj?SfS( dB) 

70-90 

80-100 

70-90 

e 

£#3&g(dB) 

>95 

>100 

>97 

^%mmnz) 

1300-3100 

1700-3000 

1300-3000 

#^M^(dB) 

80-100 

80-100 

70-90 

i 

ESI 

>96 

>100 

>97 

^'SfMM(iiz) 

1300-2900 

1500-3000 

1600-3000 

W?lS(dB) 

78-96 

80-90 

70-90 

o 

a«g(dB) 

>93 

>89 

>95 

Hz) 

2400-2900 

2300-3000 

2200-3000 

^S^g(dB) 

72-88 

80-93 

70-90 

u 

S^3&g(dB) 

>94 

>87 

>90 

Hz) 

2300-2900 

2300-2800 

2200-3000 

«^(dB) 

70-90 

80-90 

70-80 


[i] +va*{^p%vtth 
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